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FOREWSRD - S ‘ .
: Statug and Need for Energy Education . '
, Energy is rapidly emerging as a new area of sttidy in American
‘ elementary and secondary schools and “"community colleges. Though
) energy had always been a major topic in physics and general science, ,
and more recently in environmental studies, récep:c events have drama“ '
tized the usefulness of a broad, more comprehensive pt\ﬁ';ﬁé under- '
standing of energy: broad, because every citizen's contribution is
. * important, and more compre'hensive, because solutions undertaken bw -
individuals who have only looked at part of the. pw¢blem have often
proved to be part of the problem. Americans need a basic understand- *
ing of energy use and sup.ply -- not just of its physics, pr economics,
or technology, or social implications, or national securit}% or erfviron-
mental aspects, but of their interrelationships. : :

National associations, federal and state agencies, and other groups
hive already accomplished landmark work in energy educ#Mon, but
much work remains to be done, particularly at the district level. ’ ) -

, Intendgd Audience and Purpose of Publication
This report’is intended as a toel for curritulum specialists, writers .
of textbooks, and producers of other forms of curriculum material, It h
is not meant for the classroom teacher; still less for use by students.
In funding the preparation of this report, it was explicitly not the -.

" intention of the Department of Energy to suggést that there is one best ¥
energy education framework, or to urge the adoptjpn of any part of the .
contents by any educational body. ~The need it was meant to f{ill can "

perhaps best be understood by looking at 2’ different field. Imagine
two social studies curriculum specialists, from school districts three
¢ thousand miles gapart, meeting at a convention. Falling into a discus-
sion of their third-grade programs, they quickly .inform each other.
~—— .+ _about what is_new and distinctive in their programs. A single phrase,
"community helpers," recalls a vast array of teaching methods that work
@r have been found wanting), curriculum materials, articulation “with
earlier grades and later courses, alternative coflgses of stﬁdy and
arguments for and against them..- What she says works is likely to b'e
valuable to him; he can place her suggestions in the context of his
district's objectives. The scope of the background the two specialists
share -- yXposure to' decades of te)ftbooks slowly ringing chinges on
. the theme of community helpers, classroom experiences with dozens' of *» |
:'aftempted innovations,. many years of journal reading -- greatly facjli--
tate their communication. . .
For the most part, energy éducation has net yet accumulated such
a common basis for exchange. The ‘present report was prepared in_the
. hope that a comprehensive and specific spelling-out .of  possible
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contents, however preliminary, would contribute to the development\o_/a
common vocabulary amon\g‘energ‘y educators, ar&d;)y facilitating discus-
sion lead to clearer identification of issues and more rapid progress in
implementing effective programs at the state and local level.
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GOALS OF ENERGY EDUCATION

. An ethical choice of what shall be taught rests on two judgments:

What will contribute, most te the well-being of the ‘learner d%ring.

her ar his lifetime?

}Jhat will contribute most ‘to' the present’ and future’ well-being “5f

sogiepy? - v gt . vy .

Behind such choices is the assumption that when a student grows
in understanding and ab)‘h ies, the range of life choices open to that
student increases. ‘The quality of life. in a society "can be improved
-when individuals choose rationally among possibilities opened to them by
education. By taking thought, human' beings create alternative futures
for themselves “and their kind. Through their decisions on what shall
be taught, educational policymakers make one \Q'nge of futures possible
-- and foreclose on others. .

The human spec1es faces an .energy problem. So‘it always has;
but today- that problem is more critical. 6uppl1es of fuelwood are
dwmdlmg in the parts ‘of the €arth where people depend uponséwood as
their principal fuel; and in our country the supply of our major fuel,
pgtroleur, is full of uncertainties. * Thede problems are certain to con-
tmue throughout the lifetimes of today'sstudents, and probably of at
least the sugceeding generation *as well.

To a large extent, people created the énergy problem. The tech-
nology of energy use and extraction,lour laws and governmeéntal instit-
utions, our industrial organizations -- all are the results of people

. taking thought, and depend on accumulated knowledge. Solving our
energy problem -- making adaptxve changks in energy supply and use
-- will also depend od people talkmg thought, and on the skills they
bring to that process.

Formal education excels in 1mpart1ng knowledge and bu1ld1ng cog-
itive skills. Because of thxs,. it can be one of the most effective and
ppropriate means of* smoothlng our society's way through an energy
transition. Individuals need to make informed, rational choices about
how energy will ‘be'obtained and wysed. °*

Utilizing the* formal educatlonatf system to prep.ax“e individuals - to
make sucH. choices, requqres the identification 'of -fundamental goals
relevant. to all grade levels and content areas, The following goals,
three cognitive and two affe tlve, are sdggested for ‘tonsideration:

S | ~

1. Formal energ')'r education should’gnable studen@s to recognize
energy and energy conversions and- should create any awareness of its
" pérvasive role in our lives, our economy, and our soc1ety

v
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. ,Historically, the concept of engrgy is af most a few hundred years,
‘oldibut it has proven to be extremely powerful A grasp of the
-condept of energy -- which is evidehced, by the ability to recognize
eﬂnergy in various forms -- increases the individyal's .ability to *deal ;’
rationally with the surroundings. For example, an individual who
recognizes waste heat as a , potential energy source, or who recoghizes
the egbodied energy in durable goods, is on the way to getting more
out of-the energy he or she uses. - . d

The nation would also benefit, because this understanding in-
creases the ability of its citizens to adapt their habits, technology, and
even their society to changing circumstances. = - . .

2. Formal energy education should enable the cstud’ent to adduire
skills in _energy use and management, at horfe, at school, and .on the
job. ‘

Particular skills can often be identified that would benefit partlc'
ular groups of learners, sometimes very large groups. "For exam}%e,’ as ,
future consumers all students would benefg§ from acquiring ,the skills”
necessary to judge the return on making a*higher expenditure for a
more energy-efficient appliance, car, or héuse. Architects can benefit
from acquiring skills in estimating energy use of buildings, and in
employing design alternatives. When the future-activities of any ‘grdup,
©of. learners can be predicted in occupational terms,' such as building-
trades or agriculture, useful energy#®related skills can uspally be ident-
ified. ' )

‘The nation benefits from the acquisition of sﬁch skills by indiv-
iduals, because the application of these skills reduces the waste of an
~1ncreasmgly scarce good (increasing the efficiency with which energy is
used) and thus increases the wealth available to the society.
d . 2

« 3, Formal energy education should provide students with enough

scientific and technical knowledge to participate knowledgeably in the

i

" formation of public policy.

. »

A wider mnderstanding of basic facts could forestall fruitless
effért, both 1nd1v1dually and nationally. Some people are still buying
perpetual motion machines. An important aspect of this goal is that
renergy education must provide students withr the sk1lls ‘needed " to keep
learmng about energy during ‘their .adult lives.’ ’

.The nation as a whole would be the chief benef1c1ary of the realiz-
ation of this goal, if ‘'one agrees that a democratic society functions best
with a knowledgeable alectorate.

L]
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4, Formal energy education should give the stydent realistic hopes
- v for our energy future. . "7 - ‘
7 P ) N v
. . . . . ¢ : . N A)
C ’ ‘Some of today's students feel that the party is over and that no ’
matter what. they d8  "there is-npd futuire." In reality, there are
probably more p0551b111t1es open to humankind now than ever before, ' .
and many attractiv€ futures. These cannot  be realized, howev{ oL

without action; and Wwithout hope, there is no action. Energy education
should/ give students hope by making them aware of, consequences,

desu'ablrg to them, which they can’ bring about. : v
Realization of such a goal would ben€fit individuals by giving them ‘ ’
¥ sense, of control over. the évents in their lives. It would benefit the - ¥

- nation by leading to action toward desirable ends.

: - ' . ’
* 5, Formal energy educatibn should lead students to weigh their !

decisions about energy supply and use, in the light of their moral and
ethical values. i ' /

-

> In making decisions about the production und use of energy, it

) should occur to students to apply the ‘same personal values they apply

- ) ther aspects of theix, lives. (Notice that thigs goal does not call for
’ xﬁﬂe‘a‘ting p.ergo‘nal 'values. Whether those values are prudence, fair-

ness &to others, enterprlse, thrift, and self- rella'nce -- or hedonism,
self- indulgence, macho recklessness and hubris -- ‘i believed by many -
- “to be the business of the individual student and her family, and not, of s
* the public school.)., : : ' .o

. Realization of such a, goal w’o>uld con\t?ﬂte to the integrity of

_ individuals, a so to their well being. F the nation” as @ whole, it

v might contrlb:i to “thre stablhty of policy, aﬁd to agreement on long-.
. range esds and acceptag)le means in the many decisions the natlon will |

.

" .face in the coming years. - . » i




cribe ap energy-literate qztlzen. Some examples of the”characteristics
of such a person mif
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Another, way of stating the goals of energy education is to des-
o,

tbe. X o

» - :
Understands that W§ can 't make energy® ° ’ . : .
Finds more efficient ways to use energy at home, at school, and/
on the job, for-example through the use of waste heat.
Has some h1stor1cal perspectlve on energy “use and extraction;
“for example, has an informed notion of-where Ave stand on the
‘fossil fuel depletlon curve. o
. Compares life-cycle costs- in deciding on ma]or purchases. ™

. Invests' to save egergy, for example by purchasing home ‘

insulation when it is cost- effectwe.
Knows how much energy is be1ng used 1n his/her household and
where it goes.* 2
Is aware.of the major sources of the energy used in his or her
immediate.job ahd in the economy as a whole, including their
relatlve size, -
Understands that all energy use and production, has S cost,
including an environmental cost. ’ .

Traces energy flows and, thinks th terms of energy systems, not
N

4

just individual componerrts. ~ - R
Tries to match#®nergy- quallty to Ienergy use, ' ¥
Is aware of hls/her home's oriepntation to sun and wind, and takes

whatever advantage of 'it is possxble. : . - ’
Supports Jong-term national efforts to 1mprove energy efficiency.
Understand E: variety of ways of reducing energy Ause.4n personal
” transpo’ ] S SS~—— :
Understands how /active and ‘passive solar heating work.
Understands how refrlgerators, air condltloners and heat’ pumps

wg):k, and uses them eff1c1ent1y
Keeps learnlng about energy.

.
~

N
.
-
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.MODELS EOR. THIAMPLEMENTATION OF ENERGY EDUCATION
”’, . ¢ . -( . .'
+ " There are( two ways, ,net mutally exclusive, that what educators

nd school boards decide Ltea%h about energy can be mtnoduced into
the.curriculum: ‘ , o .
w 7 * N v 3

. Infusion, in whith energy-related lessons and umts are mtroduced
at appropriate polnts in existing courses of. study ‘This approach s
exemplified in the units cr%ke@ by the Pro;ect for an Energy-Enriched
Curriculum (National Sciencé” Teacher's Association), the’ ‘Energy Educa-
tion Curriculum Project -(Indiana Department of Public Instruction), and
others. Examples of these materials are listed in section sthree ofw this ¢
report. \_ : ’ t

Course devefopmmin which a new course is introduced into thé
curriculum. ' Examples of such courses are the Solar Installer's Course
created by Cafifornia's Office of Appropriate Technology or the survey
courses in energy, emphasizing science in society, which are now being
taught at"th—e freshman. and sopyfomore, levels irf some colleges~

-
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CONCE}T OUTLINES . AND, COMMENTARY

The following "sections identify velated generalizations that might
formﬁthe basis for the ‘development of energy curricula, whether for
infusion or course developmént. In some cases, commentary folldws the
generalization. )

z . ’ )

Citatior?s; in brackets following a generalization refer to existing
curriculum materials which treat that topic. The list of réferences
begins on page 119. Refgrences have been included because it was felt

that;?ricul'um planners "find it helpful to examine other's efforts in

assesging how and whether particular content can be taught in thdir
particular’ situations. = Listing ‘of a publication does not imply
endorsement. . ; .

The section headings are merely a convenient y of organizing

the generalizations. They are NOT meant as proposed units, courses,
modules, or other cufricular pa’rts. N
A—— ' * 4

The generalizations. are not necessarily presented in an order in
whioh they could be most effectively taught, because the optimal se-
gMencing varies with grade level, subject matter contgxt, and so forth\
The curriculum developer will~have to work out a concept development
scheme suited to the particular circumstances. ’ )

¢

. 14 . ..
In each of the sa,zuons, the most fumdamental generalizations have

. usually been given one-digit numbers. In some cases, subordinate

items are those which are prerequisite to understanding ‘the item con
which they depend (e.g. to understand 1 the student must understand
1.2); in others they represent "enrichment" items, examples, or conse-
quences of the main idea. No single method of outlining appeared to fit
all the relationships between topics that needed to be treafed.
. ) i -

Each section_ concludes with ‘a brief list .of selected reference

materials that migﬁt be of value to the curriculum developer.

- -

Selected General References .-

This includes-general works which may be useful sources of background
information for curriculum specialists. While the content may be tech-
nical, . the works in this list address a general audience, ?d not, for
example, professional engineers.
- 4

Hollander, Jack M., M.K. Simmons, and D.O. Wood, .editors. + Annual
Reviews of Energy. Issued annually ,in October; volume 1 was pub-
Tished in 1976. Ralo Alto, CA: Annual Reviews. Excellent series, each
volume consisting of approximately 15-20 lengthy articles solicited, from

il
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titles of articles in all volumes

u\ ;

recognized authon’aes Current volum 1nclude R cimulativé index ‘toJl i ‘
Loftness, Robert. 19785 Energy’ Hyébookv York: Van Nostrand ’
Reinhold. " A wide-ranging clipping/file which. br1ngs together. figures

"and tables from hundreds of. sourcesg; handy for standard ‘sources, very

Valuable for material dlffxcult ‘to locate in the or1g1nz‘l o .

® - -
Parker, Sylvxa P. 1981. McGraw-Hill Encyclopedia. of Energy, Second
Edition. A broad selection.df articles from the multi-volume McGraw-Hill
. Encyclopedia of Science and Technology, some of them revised for this .
: publication, and augmented by a few featuré articles. Well-illustrated;
, highly-qualified contrxbutors, technital without assuming ~ technical .
expertise., s : L A *

(3 Y' s
-

*

United States Congress, 96th Congress, 2rd Session. Committee Print
96-1FC-60. The EnergL Eactbook. .Data on Enengy Resources,” Re-

serves, Production, Consumption, Prices, 'Processing, and Industry ¢
Structure. November, .1980. “Washington, DC: U.S. Gov't Printing
. Office: Prepared by the ,Congressional Research Service, Library of ~~
v Congress, for the Subcommittee on Energy and Power. One of the most : |
up- to date of the compendia of energy statistics’, ' .
United States, Department of E‘hergy, Energy Information Adminstra-
.tion. Issued amnually, see: current year. Anpnual Report to Congress
. (three volumes]). Washirigton: U.S. Gov't Printing -Office. 1he most
.'" up-to-date information on energy flows in the national economy.
) Unlted States, Departme‘nt of Defense, Navy Energy Office. May 1979. -,
Department of the Navy:fpergy Fact Book. Useful for the discussions
and lllustrations of newer technologies such as synthetic fuels, mag-
netohydrodynamlcs, and\fuel cells.
. Q
. : ~ ‘
' . - )
- o - K
' " 2 ‘ | ) - -
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‘ s 1 Energy exists in many forms. - ¥ .

Conventionally six forms have been discussed in elementary texts.
Students should not be led to helieve this set is anything other

- i ., than a convenience. There are numeroys possible classifications.
-
| 1.1 Heat: is the energy- that flows between ob]ects with different -
. \ . temperatures
.e Like work,' heat is .a form of energy in transit. An object

-, . canmet contain heat any more than it can contain work, and
_teachers should avoid suclf phrasings, as, "Which ‘of these jars
¢ontains more heat?"
1.1.] Molecules are always in random, disorderly motion, In
. solids this random motion takes the form of vibration
around a position. Contrast this disorderly motion with
the orderly tion of a mass accelerated by a force. - .
. 1.1.2 Temperature is related to the average velocity of the
' molecules. The faster their motion, the higher the tem-
perature,
/ 1.1.3 Heat can flow from one object to andther by con-
4 ‘ duction, radiation (see 1.2.2 below), or convection.
1.1.3.1 The greater the difference in the tempera-
tures of two objegis, the greater the rate of heat
flow between them.
1.2 Light is,/a form of energy. (radiant energy)

I - 1.2.1 Light has a property called .wavelength.

-~

1.2.1.1 Some wavelengths of radiant energy are not
R visible to the human eye. .
* ' 1.2.1.2 Substances like window glass can be trans-
' parent to light of one wavelength and opaque to
i light of another wavelength. O/ﬁ
1.2.1.3 Surfaces can absorb light of dhe wavelength
- . more strongly than light of another.

» \ . 1.2.2 #h bodies with a temperature above absolute zero emit
ra®nt energy; the wavelength, depends on the temper-
ature.

a . 1.2.3 The more nearly perpendicular a beam.of kght is to
) a surface, the greater the intensity.
- 1.3 Motion is a form of energy. (kinetic 'energy)
As mentloned above, heat can be considered a type of kinetic

energy.
1.4 Electrical energy is-a form of energy. .

The kinetic energy of the moving electrons. ’
. 1.5 Energy can exist as latent or potential energy.

1,5.1 An object can store energy by virtue of its

. position in-'a gravitational field.
. ' . 1.5.2 Substances can possess stored energy which is
’ released in chemical reactions. (chemical energy) [Oak
? . " . Ridge 1977d] )

.1.5.2.1 Chemical energy results from the arrange-

~
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ment of the subs.tance's molecules.
- .

“ ) ’ “ . . . -
. 1.6 "Matter can be regarded as a form of energy. (nuclear
T energy) See 3.3 below and VI. .t /
2 Energy can change from one form to another,- - . .
¢ : .2.1 Example: Friction ¢onverts mechanical energy to heat,
2.2 Example: Light is converted to heat when objects absorb
.~ light. . . .
2.3 Example:/Magnetic fields are often used’in the conversion of -
: electricity to motion, .and vice-versa.

.
s

3 .No energy is lost in any energy conversion. -
(The First Law of Thermodynamiés, or Law of the Conservafion of
'Enérgy) Because of the fundamental importance of teaching this
.law, teachers should probably avoid confusing students by
speaking of "producing" energy or "making" energy.

3.1 Energy cannot B8 made. It is converted from some
- pre-existing form.

. 3.2 Energy cannot be consumed or destroyed.{
When it appears to have been destroyed, 1t has only been
o converted to some’nonobvious form, usually low-temperature
heat. B
3.3 Matter can c}}ange to eﬁerg> and energy to matter. ‘ )
= 3.3.1 E=mc - .
- 3,3,2 The mass ofdan object increases as it accelerates. -

. Below the senior high school level, this is useful only as
an example to satisfy student curiosity about conversion”
of energy to matter.;

»

. 4 Human use of energy almost always involves ¢onverting it from one
form to another.

5 As energy cl';ange's form[ less of the energy is“available for conver-
sion to work, and more of it becomes heat. § (Second Law of - -
Theymodynamics) (This is not true of reversible changes of
kinetic to potential energy, e.g., in a pendulum.)

- 5.1 Some energy transformations are irreversible: when work is
changed to heat, not all the heat can be changed back to
work.
. Since all practical energy conversions involve the conversion
of at least some of the energy to heat, it follows that all
. practical energy conversions are to some extent irreversible. ¢
5.2 It is impossible to have a net flow of heat from colder objects -
to warmer ones.
5.2.1 In time, a system tends to become monotonously
. lukewarm as cold objects warm up and hot objects cool ] .
off. ' N

6, When people convert energy from one form to another, some of the
energy usually ends up .being' converted to a fdem the person did
not want. In most practical ‘energy conversions, some undesired
héat is produced. [Energy 80, 1981; Young 1981}

~
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The ratio of the energy obtained in the desired form to the

energy put in is called efficiency. Efficiency is often ex-

pressed as a percentage. : 4

6.2.1 Different ways of doing the same thing can differ
greatly in efficiency, for example fluorescent and in- 4
candescent lighting. '

6.2.2 With the p%sage of time people have invented more
efficient ways of converting energy from one form to
another. .

Every energy conversion has a maximum theoretical limit on

its efficiency. = .

6.3.1 The practical efficiency of any energy conversion device
will always be less than the theoretical efficiency of the

-+ _J process used.
6.3.1.1 The cdsar the practical efficiency comes to the

theoretical efficiency, the smaller the gains likely to
be achieved by further efforts to increase
efficiency. ~

In comparing the efficiencies of various methods.of using

energy, we should compare the entire system and not just

the parts. '

6.4.1 The efficiency of a system is equal to the product
of the efficencies of its parts. '

At present, the chief source of mechanical power for humans

is the conversion of heat to work.

Dévices which convert heat to work are cglled heat engines. '

Examples are steam engines, gas turbines, and internal ¢om-

bustion engines.

6.5.1 In a heat engine, heat flows from a reservoirs

at one temperature (the sougce, such as a.boiler) to a-
reservoir at a lower temperature (the sink, suth as the
atmosphere).
6.5.1.1- A gas or liquid is used as a working fluid

" to transfer the heat. #

5.1.2 Part of the heat is changed to work.

5.1.4 Water wheels and windmills are also heat
engines when the earth's atmosphere is considered
part of .the engine.

6.5.2 ~ The maximum possible efficiency of any device that

changes heat to work depends only on the temperature

of the source and sink. [Hodges 1980]

6.5.2.1 In any practical heat engine, the sink can be
no cooler than the temperature of the environhent.

6.5.2.2 The efficiency of heat engines has been raised
by raising the temperature of the source.

6.
6.

6.5.3 The quality of any energy source depends dn the ease
* with which it can be converted to work.
_6.5.3.1 Forms of energy that can be converted to work
with a theoretical efficiency of 100%, such as .
. electricity, are high-quality forms of energy.
6.5.3.2 A large percentage of the energy in heat

”
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seurces that produce high tem}i‘e\\a_tures can be converted to work ‘
. by heat engines,' so these represent a high quality source of
- . energy.
- 6.2, 3 3 Heat at the ambient temperature cannot be
) - - converted. (net) to.work, and so is, a low-quality
‘e 5 . form, of energy.
: 6.5.3.4 Converting high-quality energy sources to i
v low-temperature heat (i.e., near the ambient
temperature) involves a loss of available work. .
7 Energy can be measured. . ) .

7.1 Heat energy can be measured.. —\.
- Heat appears to be the easiest form of energy for students to
measure, and the activity contributes to building the useful
. skills of thermometer and graduate reading. @nfortunately,
s there does not appear to be.any practical way for students to
measure directly in_bhe basic Systeme Internationale (SI) unit
'of energy, the joule.
7.1.1 A quantity of heat can be measured by measuring the
mass “heated and the température interval if the spec1f1c
heat of the' mass is known. Since specific heat is .
defined so that water is one, this gan be approached:. ]
through an activity at the upperjefementary level and
above.
7.1.1.1 A calorie is the amount of heat needed to raise
the temperature of one gram of water one degree . ’ .
Celsius. '
(At 15°C, but this further stipulation seems unnec-
essary below high school physics.) A food Calorie
. (capital C), also called a kilocalorie or a kilogram
. . calorie, is equal to 1000 small calories. Because \
this is a frequent source of confusion, it deserv'es
o ' some special attention. ’
7.1:1, 2 A British thermal unit (Btu) is the amount
“ bf energy needed to raise the temperature of one
. pound of water one degree Fahrenheit. (At 39.1°F,
which can be neglected below the senior high school
. level.) It is necessary to include consideration of
. the Btu, even though it is not an SI unit, khecause
it is the energy unit most frequently encountered in
the sources of information available to/the citizen,
e.g. U.S. government reports, the lahels on
furnaces and air conditioners, etc.

7.1.2 ‘The heat produced by burning a given quantity of a
fuel or by metabolizing food can bt measurpd.

7.1.3 Measurements of energy C%}l be converted from’one
. system of units to another, ’e.g. from Englésh measure to .
SI units. '

7.2 Work can be measured. '
1 . 7.2.1 A mass can be made to move only by applying a

force. —




»

: - 1.2,1.1 A force can be measured. It can be described

by the acceleration the force produces in an object
and the mass of the object.

7.2.2 Work is equal to the produc} of a force and the
distance through which the force moves in the direction
of the force. .t »

7.3 Electrical energy can be measured.

7.3.1 Most household appliances are marked with electrical /

’ ratings, typically watts or amps, and often volts.

7.3.1 Amperes measure the strength of an electrical current
(the number of electrons going by). (But the ampere is
defined in terms of a force between parallel, current-
carrying wires.)

7.3.2 Watts measure power, the rate at which electrical

. energy is being converted. (The watt is energy
converted at the rate of one joule per second.)

7.3.3 Volts measure electrical potential. !

7.3.4 Electrical energy is measured by stating the power
and the length of time that amount of power was
consumed, for example watt-second, kilowatt-hour.
7.3.4.1 The watt-second is called the joule and is

the fundamental unit of energy in the SI.

7.4 A measurement of energy in one form can be convertéd to a
measurement of an €quivalent amount of energy in another
. form. For example,.Btu's can be converted to watt-hours.

7.5 Power measurements measure the rate at which energy is
- being transformed. This point deserves special attention as
. students often confuse measurements of power and energy.
7.5.1 The waft is a measure of power; the watt-hour
is a measure of energy.
] 7.5.2 Horsepower is a measure of power; horsepower-hours

measure energy. >
' 7.5.3 The use of simple machines changes the amount of
- power needed to perform a task, but not the amount of
energy. -
. 7.6 Energy measurements are necessary when energy is bought
s and sold. . - .
0 Electrical energy is sold by the kilowatt-hour.

P 7.6.1
. 7.6.1.1 The electrical energy purchased b) a house-
s hold is measured by a watt-hour meter.
7.6.2 Natural gas is sold by the Btu. The unit of billing is
.the therm, which is another name for 100,000 Btu. :
7.6.2.1 The gas meter measures the volume of gas
entering the building in cubic feet. { A
7.6.2.2 The measuremeént of-.cubic feet is converted to
therms (100,000 Btu's) by multiplying by a correc-
tion factor that takes into account the heating value
IS of the gas (which varies) and the altitude of the
: meter (which affects pressure and hence heating
value). ,

- page 15
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7.6.3 Utility hills provide consumers with measurements of some
of the energy they consume.
7.6.3.1 Subtracting the former teading from the current
. reading gives consumption. .
7.6.3.2 Many bills indicate consumption in a comparable
billing period a year ago, which can be used to assess
conservation success.
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K.W. Ford, G‘.I.l Rochlin, R.H. Socolow. 1975. Efficient Use of
Energy. .Part I - A Physics Perspective. AIP Conference Proceedings
Y No. 25. New York: American Institute of Physics.

\ . . i




page 17

3

‘ II. ENERGY FLOW IN THE BIOSPHERE :
e ”
. 1 Almost all energy on earth has come from the.sun.
The exceptions are tidal energy, which originates in the earth's
and moon's kinetic energy, geothermal energy, which is largely
due to radioactive decay, and humaq use of nuclear energy:

.

1.1 The sun's,energy comes from a nuclear reaction: the joining

/ of small atomic nuclei-to make larger ,nuclei. This process is
T " called fusion. :
1.2 Thé output of energy by the sun. is relatively constant over \
hundreds of millions of years. : ’
§ o 2 Energy flows from the sun to the earth as radi#fion. (See I.1.2)
’ 2.1 Sunlight warms objects_ it strikes: light is converted to °
heat. ’
. . 2.1,1 Some colors absorb more punlight than others.
f . (Investigation) Ve

2.1.2 Some materjals are slower tyo. heat and cool than others.
(Investigation) ’

3 The changing spatial rtlation between the sun and earth is cyclical

and predictable. -
' ) ‘3,1 The apparent motion of the sun results from the~earth's .
rotation and revolution.

3.2 The po%i;ior; of the sun can be specified by a vertical angle,
called the altitude angle; and a horizontal angle, called the
azimuth angle. (Investigation) The azimuth andaaltitude of

. the sun can be predicted for any,location at. any hour of any
day of the year.’ {

* 3.3 The altitude of the sun changes.

. 3.3.1 During the day, the altitude angle of the sun
increases until it is at a maximum (i.e., the sun is
highest in the sky) at solar noon, and.then decreases
until sunset. ’
3.3.1.1 Solar noon is not the same as clock noon.

3.3.2 Qutside the tropics, during the year the maximum
daily altitude angle of the sun occurs in summer, on the
summer solstice. Between the winter solstice and the

' ssummer solstice the sun gets Righer in the sky each .
day, and between the summer solstice and the winter
solstife it gets lower. -

- 3.3.3 Outside the tropics, the higher the latitude, ‘the
. g - lower the maximum altitude angle the sun reaches. v
3.4 The nearer the sun is to being directly overhead, the greater
the intensity of the solar energy received on the’earth's
surface, (See I.1.2.3) ¢
. 3.4.1 Sunlight is more intense at solar noon than at other




p times of day, other things (such as cloudiness) .,bemg

’ equal. . .

3:4.2 Sunlight is more intense in summer than in winter.

3.4.3 Sunlight is more intense in latitudes where.thé sun is
high in the sky than in latifudes where it is low, other
things beipg equal. "So it is warmer in the tropics (that,
part of the earth where the sun is sometimes directly

- overhead fhan it is in the temperate regions. °

", 4 Solar rad1at10n provides the energy for the water cycle.
(It has been estimated that about 23% of the mean solar power

inpyt to Earth goes into driving the evaporation-condensation
-cyc’le ) . « ,
\/\ %4 <
1 By heating the water, sunlight promotes evaporatmn of water
from the land and seas. )

4.2 Winds transport the water vapor, which eventually condenses
to form clouds, which produce rain. .
4.2.1 Rising air cools as it expands.
4.2.2 In condensmg, water vapor releases heat.

.

4.3 ,Since water that falls on surfaces above sea level can run
. ‘"down to the sea, it has potential gravitatidnal energy.
t
5 Solar radiation prov1_de's the energy for the wind ‘cycle. »

5.1 Air flows between regions of the earth with different
temperatures through convection, since cold air is denser
than warm air. . ,
5.2 Local winds, like sea andfTand breezes, blow from areas with
. cool surface temperatures to areas with warmer surface temp-
eratures. Such temperature differences can be due to differ-
ences in the rate at which insolation changes the surface.

temperature,
< 5.3 Global winds blow (at the surface) from the arctic to the
. , tropics.
5.3.1 The w1r¥<is' direction is altered by the earth's rotation
- . (Coriolis Effect)

6 Through photosynthesis,* sunlight prdvides energy for life.
(Not all life. Exceptions include certain bacteria and even some
biological commuynities surrounding hot sprmgs on the Pacific Ocean
floor.) 2

= -
= y
. 6.1 All living things require energy to carry on their_life
activities. v ~ . .

6.2 Qreén plants: convert light energy to chemical energy through

' \ . ‘A vegetation-covered area_ converts roughly 2% of the visible
‘ ) > . light falling on it into chemical energy. Globally, through

=

a process called photosynthesis. 4

.
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.' " photosynthesis about 1,000,000,000, 000,000 kWh of light
g . pu energy are stored annually o 4

6.2.1 In photosynthesis, the energy of sunlight is used to
join hydrogen atoms from water molecules and carbon and
i oxygen atoms atoms from carbon dioxide molecules to :
. -make complex molecules of carbohydrates. The oxygen
- o ‘from ‘the wat‘er is released as a gas.
' . S 6.2.2 Green plants have‘special structures for obtaining the
- . materials ‘needed for photosynthe51s, such as stomata and
' xylem. :
~ 6.2.3 Some of the cells in green plants have special ¢
. structures called chloroplasts. Chloroplasts contain
- ‘ green pigments called chlorophylls which.absorb the
sunllght jmd begin the conversion to chemical energy.

~ 6.2.4 Many green plants have special structures for storing
the chemital energy produced by photosynthe51s, such
as tubers and the endosperm in seeds. Most of the
energy humans get from their diet comes from such plant
N parts.

/

6.3 Through respiration, plants and animals obtain the energy.
stored in food. - ~ .
‘ - The word "respiration" is used by:biologists’ to refer to the
"burning" of f&d to obtain energy.
Because student® often fail to grasp the point, it shoulrl he
. emphasized that plants are just as dependent on respiration
for their energy needs as animals. -
.3.1 In respiration, complex molecules are broken down.inte
simpler ones.

6.3.2 The end result of respiration is that oxygen is
combined with the remnants of the carbohydrate to
produce water and carbxn d10x1de, and energy is
réleased.

6.4 Photosynthesis and respiration make up a cycle, in which
. . the materials are recycled (neglecting removal of carbon or
™ W oxygen from the cycle by geological processes).

6.5 Energy is passed from organism to organism through food
) webs, from plant to animal to animal. [Williams 1980]
- . 6.5.1 Different organisms have dlfferent roles in a food
chain. )
6.5.1.1 Green plants, which obtain their energy
- ' directly from sunlight and convett light to chemical
energy, are called producers. All food chains
begin with producers.

-
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; ©6.5.1.2 \Herbivores, organisms which eat plant tissue,,
) . are primary consumers. _ e :
. . . .+6.5.1.3 Carnivores, which eat the tissue of other. ~ . ’
- animals, may be secondary, tertiary, or higher -
comsumers. . .
e 6.5.1.4 Decomposers are microscopic organisms,. includ-
' . ing fungi, that hreak down uneaten materials,
releasing their nutrierits for use by green plants. . ‘
6.5.2 At"each stage of a food chain, most of the energy Co.
. taken in by an organism is lost-as heat and is not avail-
able to the ofganism thateats., = . .
The amount of loss varies, but is approximately 90% per
step. This is a biological example of the Second Law of 3
Thermodynamics (see 1.5) : '
. - 6.6 The human food chain in industrialized nations hgs many
. energy inputs besides sunlight (though only sunlight is I
- . converted to the chemical energy in food). [Brock 1978;,
.  Freiberg 1980; Gray 1980; Washington State 1979] -
6.6.1 Fossil fuels are used to produce fertilizets, herbicides,. ) -
. . and pesticides. ’ “ . '
6.6.2 Fossil fuels are used for tillage, irrigation, '
- harvesting, and other farm operations. =
6.6.3 Energy is used for off-farm processes, like
— transportation, refrigeration, processing, and packaging.
6.6.4 Farming methods.differ in their energy-intensity.,
6.6.5 Diets différ in their energy-intensity.

.o

7 Heat produced by combustion of once-living materials like firewood ’ ‘
comes from light energy captured by photosynthesis,
> 7.1 Heat produced by comhustion of products produced from once-
living materials, such as alcchol or methane, comes from:
sunlight,

7.2 The energy obtained from fossil fy€ls reached the earth as

sunlight. : . ’ &m ‘
7.2.1 The fossil fuels were formed from once-living ‘materials ! ‘»
through geological processes. - . . 7
7.2.2 Most of the fossil fuels were formed millions of years
ago. z .
7.2.3 'ngal is made from plants that grew in ancient forests. -
(Most of the deposits in Appalachia and the Midwest were
laid down 325 to 230 million years ago; those in the
Rocky Mountain states, Texas, Arkansas and Lousiana,
about 140 to 3 million years ago.)

-
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7.273%1 Falling plant ‘matter was covered by water and
decay wag arrested, forming a material like the peat
in-peat bogs today.. . .
7.2.3.2 The plant matter was covered by stédiments
%y washing over it.

. . 7.2.3.3 The area was covered with shdllow seas,

enabling a deepening of the sediment ldyers. .
v 7.2.3.4 Depth and geological processes like mountain
building put increased heat and pregsure on the
plant remains. . ‘ e
.2.3.4. 1 Some peat was changed to lignite, some:
lignite to bituminous coals, some bituminous
¢oals to anthracite. 7 St
‘ 7.2.3.4.2 With each step of this progressior’, water
content deﬁeased, volatile matter decreased,
and the percentage of carbon in¢reased.
7.2.3.5 Plant fossils can be found in coal.

o

¢ 7.2.4 Oil and gas
called plankto

fere formed from microscopic sea creatures
through processes sfmiliar to that for
~ coal, but on sea bed. About half of the earth's oil
‘ _ deposits containijg 40% of the reserves e from the
Tertiary (between about 10 and 70 million years ago).

7.2.5 Fossil fuels are formed very slowly, perhaps under
special climatic conditions (warmth;~amount of carbon
. » dioxide in the atmosphere). - :

" 7.2.5.1 The present rate of extraction greatly exceeds <‘
s, the rate of formation. , - RN
7.2.5.2 The fossil fuels are a store of carbon (and to a

f lesser extent hydrogen) removed from the earth's
carbon cycle. Combustion returns these materials to
the cytles of the ecosphere,
® 7.2.5.1.1 Fossil fuel combu’é?lon is increasing the

percentage of carbon dioxide in the earth's
atmosphere, which in turn may cause global

. : climate changes. » -
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. 11f. HUMAN USE OF €ENERGY : )

1 _ All human activities require engrgy. -_ "

- ~
‘

1.1 Food eneygy is required to sustain life. .
All life activities, even sitfing and thinking, require energy.
1.1.1 For normal activity, an adult human requires about '

- 2500 kilocalories of food energy each day. . -

- , 1.1.2 Physical labor increases the need for calories.
"~ 1.1.3 Changes in the rate at which the body is. using energy T,
u . - are shown by changes in the rate of production of

S carbon dioxide. (See I11.6.3.2) {(Investigation)

< by o .
1.2 For hyndreds of thousands of years, humans have used fuels
to provide energy for warmth and cooking.
(Remains of campfires a quarter million years old have been
found.) ’ ) .

1.3 - Humans use energy to provide artificial light.
1.3.1 People'burned materials to make light, such as
oil in lamps, and fats and waxes in candles.
1.3.2 The gas, petroleum and elect ical industries all began
as efforts to meet the demahd for artificial Jlight. ,
1.4 Humans use energly to obtain raw materials.
) 1.4.1 By at least 4000 B.C., people were using fire to

w extract metals from ores. :
. . - 1.4.2 The group of industries that produce metals from their
ores (such as smelters and refineries) is still the largest )
« X single industrial user of energy. *

- 5 N

1.5 Humans use energy to manufacture goods and~provide

. services. . Q
»

. 1.5.1 Bronze Age pgople learned how to use fire to make

pottery.
1.5.2 There is a broad correlation betw¥en consumption
y of energy and production-of goods Jand- services, BUT:

1.5.2.1 Countries, states, and communities differ signif-
icantly in the quantity of godds and services they
produce. per unit of energy consumed.
1.5.2.2 In our owh country, the Gross National Product
(GNP, a measure of the quantity of goods and =
. services produced) is presently increasing faster
. than the increase in energy consumption.

1.6 Work: (in the physicist's sense, enytgy that makes objects ot .
' move) is a valuable form of energy to people.
" 1.6.1: The only sourge of work available to early societies -
was human musclepower. .
1.6.2 During the Bronze Age, people learned "how to use

several new sources of work: domesticated anipals like

\ oxen, and sails to make the wind move a boat.
l 1.6,3. Windmills to grind grain may have been invented

[

t;x'j

)
v ~\ o,




A

Il . ’ o ' . . ’

The hor#zontal axis form was invented in the twelfth
. century in Northern Europe.
1.6.4 Watex@vheels began to, be used to grind grain around
the beginning of the Christian era.
1.6.5 The first practical means of gettmg work Irom a fuel,
the' steam engine#gyas developed in the 18th century. *
1.6.5.1 Practical internal combustion engines began to

-

P K . appear around 1860.

“ e
‘— 2

1.7 Humans use ene.rgy for transportatlon, communication and,
in recent decades, information processmg [Childs, 1977- -
PEEC 1978]
1.7.1 Electronic data processmg uses very small amounts of
energy, to control use ofiarge amounts of energy, and *
S I sometimes makes posmb’]e great energy savmgs or :
' example, microprocessor control of heating, vej}ty\g‘atmg
9 and xir conditioning or of car engines).
1.8 Humans use energy to obtain energy. ‘ F i
. 1.8.1 All means of obtaining energy require the use of
energy. - )
1.8% 1.1 It is possrble “for more energy to be ,used in the
@ *' ohtaining of energy than is obtained.

o

[ i

Energy can substltuthe for other inputs in human economies, .and ' .

soinetimes other inputs can substitute for energy. ‘-

2.1 "Libor-saving" machinery offen, but not always, means
power-dnven machinery. (An example of an exceptioriis the
ball-bearing, which saves labor by reducing the percentage of

. <" the mechanical energy which is converted to waste heat).

It is characteristic of human socieges that, once energy needs for
survival have«<been met, some energy is devoted to artistic
purposes. .

The flow of energy is a structurmg force in society. (All forms of
order in a sogiety require energy for their maintenance.)

There has been: a historical correlation between the development of
specialization of labor and interdependence in a society, and its
use of concéritrated eniergy sources.

The abxhty and manner in which soc1et1es controlled energy ) .
resources often helps to explain~historical developments, e.g., role ’
of development of grain shlppmg*.-technology in the rise of the
Roman Empire, xole of development of coal-fired ocean shipping in
the British Empire, atomic energy in the postWW II' era, fuel wood
depletion and political developments in the Thxrd World today.

oy

'Exponential growth rates in the u eze of energy lead to physmally
impossible quantities in the foredeeable future, and therefore

cannot continue. . ‘

vll

around. the seventh century (vertical axis) in Persia. . '
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.IV. ENERGY HISTORY OF THE UNITED STATES

1 Fuelwood was the major‘source of energy from the earliest times to
1860.
. . . 1.1 Cutting down the Eastern primeval forest to create farmland
provided iIn enormous supply of felled wood; that resulted in .
relatively cheap fuel wood prices. (The cost=approximated
. the cost of the labor of cutting it, except where ‘the wood
had to be transported a considerable distance.), Note that
~ wood was NOT .treated as a renewable resource, it was-mined, 3
. Co . the objett being to get rid of the forest as quickly as
) possible. " . N
+ 1.2 Because of the lower cost, per capita consumption of firewood
was higher in the colonies than in European countries.
1.3 Wood (made into charcoal) was used to produce iron and
steel, ° -
/ 1.4 The first American steam engines, including steamboats and
| railroad locomotives," were wood-fired.

- " 2 Musclepower of people and animals was the chief-source of mechanical
: energy for most Americans until the 1900's.
2.1 Treadmills were used to.convert human and animal muscle
) power to rotation of a shaft. -
2.2 Animals provided energy for inland transportation, -by .
drawing wagons, urban railcars, canal boats, and other -

- vehicles. . -
' 2.3 Animals provided the energy for farm operations.
. 2.4 Steam engines began to gradually replace musclepower in

in the 1830s.

.

-
1

3 Windpower has been used in special conditions from early times.
3,1 Wind enefgy powered coastal and trans-Atlantic shipping
- through the middle 1800's. o
’ 3,2 Some windmills were used in New York in colonial days.
3.3 Wind-driven D.C. generators and water pumps were used
. extensively in rural areas of the Midwest and Southwest until -
- : the 1930's, when the coming of electric transmission lines to
rugal areas largely displaced them. -
4 Waterpower was the chief source of mechanical energy for faé)ries
until the time of the Civil War. ' . !
) < 4,1 Factories t\ended. to locate at places where there was\a fall
-4t * of water, e.g. the "fall line" of the Atlantic states.
5 Coal became a major source of energy in the United States almosf a
. hundred years after it was a major ‘source in European nations.:
v 5.1 Early settlers had discovered coal déposits. . T
5.2 Cheap, abundant fuelwood discouraged interest in alternative
fuels, except where high temperatures were needed as for
. smithing or ﬁ:etalwork, and in large coastal cities where wood
i . was more difficult to obtain and coal could be had by ocean
/; shipping from Europe. 3 _ |
573 Because of the limited deve1opment of the transportation
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system be::}e railroads, 1t was difficult to move coal from

the deposits tq the markeét. .

6 The development of the railroad system in the middle 1800's stlmul-
ated the use of coal (even.though the first locomotives were ’
wood-bursing).

6.1 The rallroads need for iron for rails and rolling stock greatly
increased the demand for iron. Coal was used t6 produce the
tron, replacing charcoal.

6.2 Railroads provided a means of transporting coal to market,

especially to ports from wh1ch the.coal could be shipped to

overseas markets, .

t:

N

7 Around 1885, coal became the major fuel in the Ungted States.

7.1 The price of fuel wood rose rapidly in .settled areas, as less
forest was available. Areas around cities were deforested
first, and wood is an expensive fuel to transport,

7.2 Rapid growth in the number of steam engines greatly in-"
creased demand for fuel.

7.3 In the home, new stoves especially adapted to burning coal
instead of wood became widely available.

"

8 Machines that made more productlve use of the energy from humagn
and animal muscles were invented in. the second half of the 1800's.
Examples include horse-drawn or. treadmill-pgwered farm imple-
ments, such as the reaper and cotton gin \ghd the sewing
machine. Note that this change somewhat preceded and was re-
lated to,/but separate from, the conversion to coal.

9 Demand for artificial light increased during the nineteenth century.
Factors that might have led to this include the spread of literacy,
and thre rise of factories.

. 9.1 Before 1900, Americans used a variety of fuels for light.
9,1.1 Candles were made of tallow, an animal fat.
9.1,2 Oils made from lard or from sperm whale oil, turp-

- entine, and other flammable liquids were burnt in lamps.

A lamp oil was producéd from coal by destructive distillation.

Synthetic gas was made from coal and piped as an illuminant

in cities. The first American gasworks was in Baltimore

O O
W n

in 1816,
o s ) ' :\. ’ . . ‘
10 In Pennsylvania in the 1860's, a cheap way of obtaining oil was .
discovered.
10.1 Petroleum had been a known 'and desired commodlty since the
1700's

10.1. 1 Petroleum had been an article of ‘commerce for most of
the 1800's, often under the name Seneca oil.

10.1.2 It was originally obtained as the Indians had, by
skimming the surface<$f streams and pools.

10.1.3 Experiments with dxst1llmg petroleum showed that an
excellent lamp oil could be refined from it.

10.2Y Ways of drilling wells to obtain salt water (salt was needed
in those days for the preservation of meat).had-been devel-

P

) I}

Y

oped. On a few occasions, such wells accidentally struck oil. )
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. 10.3* In 1858,.a compa,nx was formed fo deliberately try to bore )
- an oil well for the production of lamp oil. -
. 10.3.1 In 1859, they struck oil in the fi well attempted. )
— (The Drake well) Note that though this well was the 3
beginning of the American.petroleum industry, it was /

NOT the first oil well. '
10.3.2 By chance, the oil field they found was extremely
shallow (the discovery well came in at 69%feet) and
» contained a type of oil which could be easily refined
| into a gobd lamp oil by the primitive techniques of the
- _ time. , /
10.4 The Drake well lead to an oil boom in Pennsylvania.
10.5 Other oil fields were discovered in other states, notably
Texas.
. 10.6 "The United States became the majo exporter of kerosene
(the lamp oil made from petroleum),
10.6.1 Some of the heavier portlons of the oil could be
- ‘ used as lubricants.
10.6.2 The part of the petroleum that was too volatile
. to use safely in a lamp (e ‘g gasolme) was a waste
: ‘Qroduct

10.7 By ghining control of the transportation, refining, and dist-
ributidn of oil, by the 1890's the Standard Oil Company had
obtaineyl a virtual monopoly of the oil business. In 1911, the
United Btates Supreme Court ruled the company was in viola-

' tion of the Sherman Anti-Trust Act and ordered ;t broken up
into competing companies,

M  The invention of the internal combustion engine provided a light-
weight, portable source of mechanical energy. (Commercial produc-
tion of reliable engines began around 1860.,)
7 - 11,1 The internal combustion engine was much lighter, horsepower .
. for horsepower, than the steam engines of the time.
11.2 The first engines used gas (not gasoline). Liquids could be
used provided they could be easily vaporized. Experiments
N revealed that gasoline was a suitable fuel and it was readily
available as a waste by-product of kerosene manufacture.
11.3 The internal combustion engine made possible the inexpensive
truck and automobile. AW,

»

12 The automobile has been an important influence on the development
of modern American society.
12.1 The Ford Model T (1906) made available a cheap but reliable
form of personal transportation.
12.2° The automobile increased the mobility of the average

Ametican, and chi@nged settlement patterns. '
+

-

13 Demand for energy in the form of electricity increased greatly in -
the 20th Century.
. 13,1 Electricity was first offered for sale in the United States in
. a small area of New York Gity in September, 1882, primarily

as a source of light, a substitute for gas. .
13.2 hLong-distance transmission became feasible with the develop- -

s . '

¢

CQ
(.'\;
3
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ment of transformers and ‘high-voltage AC transmission (1880s
and 90s).

13.3 Hydroelectric sites began to be exploited in the 1890s,
with constantly increasing scale.

13.4 New techmhologies were invented that could be powered only
by electricity, such as radio, television, and the computer.

14 Ways of making new substances from fossil fuels were discovered.
These new substances replaced older materials in some cases; in
other cases the new substances provided properties not previously
available. .

14.1 In the nineteenth century, aniline dyes and pharmaceuticals

. were made. from coal tar. .

14.2 In the middle of the 20th century there was explosive
growth in the petrochemical industry, including introduction
of such new materials, as:
1920s -- ethylene glycol for antifreeze ,
1930s -- neoprene, nylon, styrene and polystyrene
1940s -- symthetic rubber :
1950s -- synthetic detergents, polyethylene, polyesters,

urethanes
/, 15 Use of coal was gradually replaced? in large part, by use of o

petroleum during the period 1880-1980. [Brown 1978; Kennedy
1980] Y
In 1907, coal provided the greatest percentage of the total energy
supply that it has to date (78%). In 1918, absolute production
peaked as did per capita consumption (6 tons per person per
year).
15.2 TZansportation switched to petroleum.
15.2.1 Trucks and automobiles took more of the transport-
ation load as the system of roads improved.
15.2.2 After World War II, railroads replaced steam loco- \
motives, which’ had been mostly coal-burning
(oil-burning in the Southwest) with petroleum-burning
diesel locomotives. -
>15.2.3 Shipping switched to firing boilers with oil instead of ’
coal. o
15.2.4. Petroleum-burning airplanes began to carry
passengers and to a much lesser extent fréight.

15,3 Residences switched fx:'om coal toigas and fuel oil.
In 1948, coal accounted for 48% of residential and commercial
energy use; in 1977, less than, 2%. -~

. ‘ .
15.4 Fuel oil began to be used to raise steam, replazing coal in
traditional boilers.

1
~. IS

15.5 Electrical generation became- the single biggest use of coal. )

16 In the latter half of the twentieth century, natural gas began to be
the largest single source of energy for a number df uses.
16.1 Gas utilifies existed prior to the use of natural gas, manu-

c ~
Moon
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., facturing gas from coal. This created a Eistribution network
and customer bBase.

16,2 In Ohio, natural gas began to be used for industrial
purposes in the early 1800s.

16.3 Beginning in the 1920's and accelerating greatly after
World War II, extension of the pipeline network brought gas
to a large market, including households.

16.4 Gas replaced coal as the major home-heating fuel.

16.5 Increasing air pollution from increasing fuel consumption,
including coal and gasoline, brought regulations that encour-
aged the use of gas in utility and industrial applications
instead of dirtier-burning fuels,

17 The United States has become increasingly dependent on purchases
of petroleum from other countries.

17.1 In the first hundred yea¥s of the petroleum industry the
United States was.the major exporter o6f petroleum.

17.2 In 1947, consumption of petroleum,exceeded domestic
production and the U.S. became a net importer of petroleum,
which it has since remained. During this period Venezuela

. and other nations in the Caribbean were our major source of
imports.

17.3 The U.S. government established import quotas for oil.in
1959. In 1971, price controls were put on oil and not
removed until 198]. During ‘the period of price controls the
world price of oil greatly exceeded the domestic price. -

" 17.4 In 1971, domestic oil production began the first long-term
) decline irt its history, while consumption continued to grow.

1745 In the period 1970-75, control of oil production in other
major oil-producing nations passed from the largely
American-owned multi-national oil companies to national
governments. (Examples of dates of nationalization: Mexico,
1938; Iran, 1951; Algeria, 1963-70; Iraqg, 1964-19724 Kuwait,
1974-80; Venezuela, 1976; Saudi- Arabrla, 1981.)

17.6 Demand for oil continued strong dr increased in other oil-
importing nations, as Europe and Japan made a transition
from coal to petroleum after World War II, and development
proceeded in formerly non-industrialized nations.

17.7 In the 1970's, a cartel of the oil exporting nations (OPEC)

increased the world price of oil dramatically.

17.7.1 In 1973-74, world oil prices quadrupled. During the
Arab-Israeli war, Arab oil exporters embargoed the U.S.
and the Netherlands for their support of Israel. The
high spot market prices that followed showed that much
higher pricés were obtainable.

17.7.2 In 1975-78, oil prices gradually declined in real
terms, and consumption rose again. <

17-7.3 In 1979-80, with production curtailed due to the

" Iranian revolution, the cartel of oil exporters again -
raised prices. '

17.7.4 In 1980-8Y, due to continuing fall in consumption,
many U.S. orders for oll were cancelled. This put
pressure on those producing states which needed

3
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continued income for their development’ programs to reduce

-
. prices. . .
Id ("l

18 Beginning in 1955, nuclear energy became a source of electricity.

) 18.1, The crash program to develop the atomic bomb during WW II
provided the resources to develop an understanding of fission -
and to build equipment such as enrichment plants. L '

18.2 Nuclear power plants were developed by the Navy for use in
submarines. These designs formed the basis for the commer-
cialization of nuclear power. N

18.3 In 1979, nuclear power was the source of 11.5% of the ’

electricity generated (one percent less than the previous

year.) Use of nuclear power vatied greatly from state to

state. Some states obtained no electricity from nuclear

energy; in four others, over half the electricity generated

came from nuclear reactors. ®

-~

18.4 In the 1970's, the rate of growth of nuclear power declined. .
18.4.1 Nuclear. power did not appear_to have a decided cost .
\ advantage over the main alternative for electrical

generation, coal.

18.4.2 Cost of new plants and time required for construction
increased greatly. ‘

18.4.3 Opposition ‘to nuclear power spread, chiefly because of v
concern over release of radioactive materials due to
accidents or through storage of ‘wastes.

18.4.4 The accident at Three Mile Island, near Harrisburg,

- PA, dramatized for the general public the possibility of ‘

reactor accidents, and emphasized to investors the

= financial rik.
19 U.S. energy consumption has gone throughs several phases. ) g
s 19.1 From 1850 to about 1950 energy production and consump-

., tion increased on a long-term trend of about 3% a year, with
a dip for the Great Depression. .
19.2 In 1973, '74, and '75, energy consumption fell for the first
time since the Great Depression.
19.3 After increasing in 1976, '77, and 178, it fell slightly or was
.o _ stable in 1979, dropped in 1980, and continued falling in
’ 1981.

: 1
«
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: ' ' V. ENERGY FROM FOSSIL FUELS

1 Coal has been used intensively for only a few’centuries.
" 1.1 People knew coal woulg burn (Chinese, circa 100 B.C.,
mentioned by Marco Polo around 1295°A.D.; Greco-Romans -
circa 300 B.C.; Europeans, 1200 A:D.; Hopi, circa 1200
A.D.) hundreds of years before it came dnto widespread use.’
. 1.1.1 Burning coal produced a more, disagreeable smoke than
‘ . did wood, the fuel people were accustomed to.” .. '
1.1.2 Coal requires a.stronger draft than wood or charcoal.
Over the centuries, stoves and grates had been optim-
: ized for wood and were not well-suited to burning coal.
1.2 Developments during the Industrial Revolution in England
greatly increased the use of coal.
1.2.1 The invention of a way to use coal to smelt iren
(by converting the coal to-coke) made it possible for
) : coal to replace wood chartoal in the jron industry "’

. (inyented 1709, major improvement in 1780s, general use
by 1800). Increased demand for iron could not be met
by the limited” supply of wood.

1.2.2 The invention and gradual perfection of the steam
engine provided the first practical means of getting
mechanical energy from a fuel, extended the coal supply -

. by powering pumps that kept deep mines from flooding,

s and provided the forced draft needed for the ‘new

_ . steel-making processes. | :
153 Coal was the primary energy source used during the period
. 1870-1940 to create the industrial world.

-~

2 There are different kinds of coal.

- . 2.1 Coals differ in the geological processes that occurred in their *
formation, prqeducing types like peat, lignite, bituminous
coals, and anthracite. (See 11.7.2.3) , . .

2.2 Coals differ in their heating value. For example, lignite has a
heating value of about 7200 Btu per ton, bituminous coal

. around 14,500

2.3 Coals differ in the relative amounts of pollution-causing
impurities which they contain.

2.3.1 Some coals contain more sulfur than others. Sulfur in
coal produces sulfur dioxides when the coal is burne

/ . In general, coals from the wedtern portion of the United
- States have less sulfur than eastern coals.
. * "3 There are different ways of mining: coal.
3,1 Coal may be mined uriderground.
. 3,1.1 Some coal lies too deep for surface mining. It can
. only be recovered by underground mining. ’

3.1.2 Not all the coal in a seam can be recovered by under-
ground mining. Some is left to support the roof, for
example. ‘ .
3,1.2.1 New mining techniques are increasing the
percentage of the coal that can be recovered.

For example, in short-wall mining as much as 85% -
~ "~ of the coal in a seam is recovered. :
S e P
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3.1.3 Underground coal mining is one of the most hazardous
. occupations, both in terms of accidents and of occupa--
-tional disease. .
3.1.3,1 Great variations in the accident rate exist from
mine to mine, and accident rates have been higher
. in the United States than ‘in Europe.
3.1.3.2 Between 1967 and 1977, the fatality rate (per
' ton mined) fell 26% and the disabling injury rate
rose 90%. K <
3.1.3.3 About 10-20% of working urﬂderground miners
show evidenée of "black lung" respiratory diseases.
Control of dust and diesel particulates, as legally
required, is expected to lower the incidence to 5%

_ by the year 2000. . .

v
3.2 Coal-may be surface-mined. N .
3.2.1 Topsoil and overburden is removed to reveal the coal |
seam. Almost all the coal in the seam can be recovered.
3.2.2 Surface mining is a much safer occupation than under-
ground mining, with far fewer deaths, injuries, and
cases of- occupational disease. It also employs fewer
workers pef ton produced.

‘ 3.2.3 Reclamation of surface-mined land is now regulated by
federal laws intended to restore the productivity of the
land. Regulations differ for different types of land. In
prime farmland, for example, all soil layers must be
replaced in the original order. In addition to replace-
ment of topsoil, regulations require control of drainage,
revegetation, restoration of roads, and so forth.

4 Coal must be transported

4.1 Most coal is transported by railroad.

4.2 To reduce transportation costs attempts have been made to
‘pipe coal as a:slurry (a powder dispersed in, for example,
‘water) . :

4.3 In some locations, coal is burned at the mine to génerate
electricity, and the electricity is transmitted instead of trans-

" porting the coal. -

-

f

- R

. <5 Coal is the most abundant of the fossil fuels; the U.S. possesses.

reserves great enough to last about 300 years at present rates of

consumption. If the rate of consumption increases at 5% per year ¢

or more, as many expect it will, reserves may last less than a

hundred years. = ’

5.1 Opening new mines requlre§ considerable time, capital, and
energy.

5.2 Transportmg coal from new mines can disrupt the life oig
communities in the transportation: corridor.

5.3 Rapid growth of coal "boom towns" makes it difficult to .
provide community services.

6 Use of coal creates environmental problems.

t

6.1 M?ning coal can create environmental problems.

4

»

”
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—————y
) 6\0.15 Underground mifing can lead to destructive subsidence
of the surface aboVve. = ‘
6.1.2 \Drainage of acids from mines ¢an disrupt life in

waterways.
N 6.1.3 Surface-mined land mus@be reclaimed, which can be
s . extremely difficult, especially in arid regions.

~ 7 6.2 Burning of coal can create environmental problems.
6.2.1 As coal-consists chiefly of carbon, it contributes more
" . carbon dioxide per. unit of heat obtained from combustion
than do fuéls rich.in hydrogen’, such as natural gas.
Increasing thé percentage of carbon dioxide in the
earth's atmosphere could lead to unwelgdme changes in
" the earth's climates: ° .
6.2.2 Burning coal produces sulfur dioxide, the most
important-factor in acid rain. . e
, 6.2.3 Burning coal produces particulates, which carry toxic
_ metals, even radioactive ones. : ’
/ 6.2.4 Burning.coal produces large amounts of solid wastes,
both the asheitself and wastes produced by the pollution
control processes. . . oo- .
6.2.5 Much of the pollution caused by burning coal can be
controlled at either end of the fuel cycle.
"6.2.5.1 Coal can}je processed to reduce the content of
" impurities 1ikE sulfur. Such processes sometimes
i also convert the coal to a gas or liquid (synthetic
fuels) . ) . . .
6.2.5.2 Flue gases.may be processed to remove’
sulfur dioxide and particulates, or the sulfur may
: . be removed during combustion in fluidized-bed
units. o
6.2.5.3 Controlling coal-caused pollution adds substant-
ially to the cost of, for example, generating elec~
tricity, but it reduces other costs such as medical
expenses and cleaning costs.
/ .
7 Petroleum has been in‘extensive use for only a century and a half.
7.1 Knowledge of petroleum had. existed for thousands of years,
. but a cheap means of obtaining it in quantity was lacking.
7.1.1 , Ancient Mesopotamia had an extensive bitumen ’
industry, but its technology had been forgotten by the
time of the Romans. . ' :
. 7.2 Development of distillation provided a way’ of making crude oil
into lamp oil, a product ffien in demand. :
* 7.3 Around 1860, it was demonstrated that nfethods used in
drilling wells for brine could be used to extract’ inexpensively -
vast quantities of petroleum. . -\/\' <
. <
8 Petroleum is found underground.. ’
8.1 Petroleum occurs as a liquid,o&f;‘igas‘ in tiny holes in the rocks.
That is, it is not ordinarily féund in big pools lying in
underground caves. b .
8.2 Petroleum can flow/very slbwly through ‘he interconnecting
pores of permeable rocks.

4
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8.1.1 Underground water drives pq,troleum upward.

- 8.1.1.1 Water fills the pores of any underground
"rocks. ’
) Y 8.1.1.2 0il floats on top of water, so petroleum tends

to migrate up through permeable rocks which
* contain water.
8.3 Petroleum is found in’ places where"Tts further m1grat1on has °
been stopped. .
\ 8.3.1 The migration ceases when the oil reaches the surface,
then the oil appears as a seep. ‘
. 8.3.2 There are many types of rock which ¢il cannot pass
v through. These are called 1mperme,able rocks; an example
: v " is shale’
8.3.3 In some cases the oil is trapped by an overly1ng layer
of impermeable rock shaped like a dome or -top of a fold.
8.3.4 In some cases the oil is trapped be(ﬁfuse the movement
of the earth along:a fault has moved an 1mperm‘e’able
. strata next to a permeable one, sealing it.
~ 8.3.5 In some cases the oil is trapped because a new cycle
v of erosion and deposition has created new impermeable
strata ‘that _cap the old permeable strata.
) 8.3.6 In some cases the oil is trapped in a perme’rock
_that is surrounded,by impermeable rock because it .

_ began as a sandbar, for example. .
+ ] -
9 Crude oil is a mixtute of hundreds of different hydrocarbons.
. »
9.1 The substances in crude oilare composed almost/ehtirely of
¥ tarbon and hydrogen atoms, with traces of other elements.

Such substances are c¥lled hydrocarbons.

9.1.1 The molecules of different hydrocarbons differ in the
number of carboh and hydrogen atoms they have, and in
the ‘arrangement “of the atoms in the molecule.

J/ 9,1.1.2 Differént hydrocdarbofis have different

hvysical properties, such a ilin oint.
, p Y prop ' !ﬂ!&l g P

9.2 Crude oils from different fields differ.
- 9.2.1 "They can differ in the.proportion of d1f£\&;ent hydro-
< carbons they contain. For exarhple, some udes are
_ - .~ highin asphalt, othe&'s contain- hardly any.

zu 9.2.2 They can differ in thé amount of potential pollutants ‘
: they contain, such as sulfu?. , . -

\_/ 9.2.3 They can differ in 'v1scoslty $ . ~
~ - . ) -

10 Crude oil is almest always refined before use. (Some is hurned -~

'directly as boiler fuel )
10.1 ‘At different times, people have sought to obtain d1fferen(

e N

products from crude: oil.
‘%1 1 Or1g1nally, people wantdd kerosene from crude oil,
to be used in lamps. Gasdline was a useless byproduct
With increased use of the automobile, a need arose to get.
e more gasoline and less kerosene from the crude.
10.1.2 Changing seasons or market conditions may create a

need for a refinery to alter the proportions of different
"o ‘ B ' -
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‘ ) : products produced. - ' to. T
10.2 Many different processes are used in a refinery.
v . 10.2.1 Distillation can be used to separate hydrochrbons with
‘ different boiling po¢ints. ‘ . :
¢ . 10.2.2 Cracking is a process which breaks up large
molecules irito smaller ones.
10.2,3 Reforming is a précess by which the shape of the
. . molecule can be changed, for example from a long
straight chain to a ring.. . )
10.2,4 Alkylation is-a process for changing very volatile .
- ) . hydrocarbons into ones that can be-used_in ‘gasoline.-
* 10.3 . A refinery built to process crude from one field may not be
able to process crude from another. ' =
10.4 The refining process requires energy, and different
; ‘products require different amounts of energy for their.
' . production. For example, it takes more energy to produce a
. * gallon of gasoline than a gallon of diesel fuel. -

~

LD

\ . t- 11 Enhanced recovery is used to get more crude frém an oil field
than c¢suld be obtained by simple pumping. ‘ ‘
11,1 About two-thirds of the oil .iyga- field is still in the ground
. when pumping ceases& to be ef ctive. '
11.2 Heat can be used to reduce the viscosity of oils to heavy to
\\%/ . flow, for example by injecting steam.
; 11.3 Detergents can be injected to free the oil from the grains of

) and the fractures held open by injected materials
(proppants). .
- . ¢
12 Natural gas is the most recently developed major fuel. : '
12.1 Knowledge of natural gas is thousands of years old, but
very little use was made of it until the 1800s. For example, ’
v it was used in temples more than a thousand years ago, awd
in the early 1800's by people doing their laundry along
. . . western Pennsylvania rivers. -y
»"12,1.1 Natural gas is found with almost all oil, and in many
. places is found by itself. ) - -
12.1.2--For many years, gas was treated as a byproduct of
.. ) oil'production. ,In some other countries it is still vented -
. or Vflared," burned pff because no way has been ~
) provided for taking it to market either as gas &r as a
¢ . - product, like fertilizer, made from gas. In 1978, the 15
- = . OPEC nations vented or flared an average of 50% of all

»

the gas they extracted. ) i

#
/-/‘
& N rock. s
‘ 11.5 To increase flow, rock surrounded a well can be fractured. p

| : ~ =
. @ 12.2° Transportation of gaseoup fuels requires capital investment ~ -
' in pipeline networks.. ) 3 . -
' : 12,2.1 Beginning in 1816, local pipeline distribution systems
. for gms were'established in many.American cities,

distributing synthetic gas made locally from coal, and

: . chiefly used for lighting. ’

‘ o ~ " 12.2.2 Development of a long-distance pipeline system pro-
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vided ¢he means of getting natural gas from distant ' &
fields, especially Texts and Oklahoma, to market. Ve "

. 2

12.3 Natural gas is a mixture of ‘different substances, but is
chiefly methane (a mdlecule containing oné carbon atom and
four hydrogen atoms). :
12.3.1 Raw .gas from wells is processed-to remove condens-

&

- ) ible components such as ethane, propane and butane.
12.3.2 Water, nitrogen, carbon dioxide, and .other bemgn . -
l materials are removed.. One of these, helium, is a
valuable byproduct. ‘ B Y

12.3.3 * Toxic substances stich as hydrogen sulfide and other
sulfur compunds are removed.
12.3.4 Gas as delivered is a clean-burning fuel, producinhg -
) no Solid waste or particulates. (Oxides of nitrogen may
be produced and, from some gas deposits, apprec1able
\ : quantltles of radon).

12.4 Natural gas may be stored. .

12.4.1 A special need for storage is created because the
\ demand for gas for home heatmg has 2 large winter
s peak, but a pipeline has a maximum capacity per month. R

) ~ Gas is delivered from the fields during the summer and

' stored for winter use.
, 12:4.2- Gas may be stored underground in _/eel,e,ted"gas or oil
fields. .

12,4.3 To reduce bulk, natural gas can be stored as a s ‘

f

liquid.
12.4.3.1 Some components of gas can be liquefied by
pressuge-alone; they are sold as Y.PG (Liquified
- Petroleum Gas)¥ Propane and butane are the
chief such substanc@k. : ‘ .
12.4.2.2 At Foom températures, methane cannot be -
® liquefied by pressure alone. It must be cooled. At
T atmospheric presspre, methane liquifies at -259°F.
12.4.2,3 Energy is needed to liquefy the gas.
»
12,6 Tankers carrying liquefied natural gas are being used on
a small scale to ship natural gas between continents. . ) :
12.6.1 If liquefied gas escaped, it would boil, and the cold
vapor is expected to travel as ‘a low-lying cloud that
would be extremely flammable until it had been diluted to
less than 5% gas by mixing with air.
. 12.672 Estimates of the distance the cloud might travel range
from 1 to 50 miles, depending to a great extent on -
weather, . i
. 12.6.3 Consequently great concern is bemg expressed over _
transporting fuel in -this form, and especially regardmg . -
siting of terminals.
- . - -
12.7 Reserves' Qf natural gas have been declmmg, at present -
rates of consumption the supply is not expected to last more :

- than a century. R v ‘ :
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- . . 12.7:1 ' A number of unconventional sources of,gas are being
e investigated; these may significantly extehd the supply.
. :\ Examples of such sources include geopressurized meth-
' v °_ ane, gas from tight sands, gas from coal seams, gas
/) ° "~ from Devonian shales, and gas hydrates.
. 12.7.2 Because syhthetic fuel gases can be produced ‘from

. ot v coal and from renewable sources like biomass, and by
~/ . dissassociation of water molecules by sunlight, and
i . N because transporting ‘energy as chemical energy in a gas
X is efficient,,the gas distribution network is likely to be

: T ) useful even .after natural gas is depleted.

13 :The hydrocarbons obtain!bl'é from fossil fuels have many non-fuel“

uses. -

' 13.1 Many useful substances can be separated from the fossil
fuels: lubricants apd ssblverits from petroleum; dyes and
medicines from\coal tar; carbon black by burning natural gas

- (now natlral. gas is too valuable to use for this purpose).

13,2 Chemists have discovered methods of making new substances,
not present#in the original fossil fuel, by rearranging the
atoms in-molecules and combining molecules. Examples include
synthetic rubber, textile -fibers such as polyesters, and
plastics. - = St )

13.3 It is geasonable t4 suppogei-additional -uses will be discov-

ered; giving up tWose uses by using the fuel now is one of

T

‘ ‘ v . the opportunity costs of present-day consumption. ’
'. ) 14 Differences ingfhe er_ti_i ; ' of the fossil fuels help to explain why
coal was the first tof be déveloped and why consumption of oil #hg

' : gas rapidly overtoo “that" &f coal. “

14.1 The progre@=of technology and increasing capital investment
have ‘had differing effects on the extraction of the different

fossil fuels. . . .
14.1.1 Coal was successfully extracted with very primitive

o~ ’ methods. Development of pumps increased the econom-
. . ‘ ically recoverable reserves. Developrient f mechanized
' mining, and especially of surface mining, MMas made :
</ extraction more efficient. ’ .

1.2 Alt‘l'ﬁ_l.lgh it is possible to drill oil and gas wells using
¥ primitive techniques (lick rigs, China circa 600 B.C.),

™ . . the advent of rotary drilling made oil and gas extra very
.+ éfficient from a rlet energy -viewpoint. ) T
. N 14.1.3 With capital and present technology, oil and gas have
TN - ' been easier to extract than coal. ,
. ©  _# 14.2 Gas can be burned with little -or no processing before use;

oil must be refined and coal too needs treatment.
Ct. 14,2.1 Progress in refining and. petrochemical technology
v . : “has made crude oil ever more useful. o
14.3 The.progress of technology and increasing capital investment
L, . “  have had differing effects on the' transportation of the ,
. ’ different fossil fuels. -
. o “14.3.1 Coal can be transported by primitive means’such as

3 )
.
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burlap bag; oil requires slightly more sophistication; gas
even mor :
14.3.2° Once ;anelmes are in place, it is much simpler to
tfansport' a quantity of gas or oil than the Btu equi-
valent quantity of coal.
14.4 As people hecame aware of the need to internalize environ-
& mental costs of fossil fuel use, gas enjoyed the advantage of
being relatively clean-burning in simple equipment; oil less
.so; while coal is most difficult. Coal also preduces - -
considerable amounts of solid wastes.
14.5 Gas and oil ‘are easily converted to work in cheap, light-

welght internal combustion engines. Such advantages led to ’ .
their -supplanting the steam engine: (which could burn coal) in °
R most -mobile applications. - . £

14.6 "Gas is more difficult to store %han coal.
4 .

15 The eventual exhaustion of economically recoverable fossil fuels is
certain. .
15.1 Extraction from a mineral deposit often follows’a bell-
shaped curve, rising and then falling. In su¢h cases an
estimate of the lifetime of the resource can be made by match-
. ing production to date with the curve. -
15.2 ‘As a deposit nears exhaust#n, it typically becomes more . ° N
diféicult to extragt what remains.
N 15.3 Resource exhaustion can be delayed by the introduction
' of new recovery techniques. _
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VI. ENERGY FROM NUCLEAR RI:':ACTIONS
1 Ordinary matter is composed of atoms.

1.1 Atoms consist of two parts: an outer cloud of electrons N
around an inner core called the nucleus (pl. nuclei)}. While
the conventionat diagrams are useful in illustrating this con-
ception, students should not be given the idea that the atom
is a miniature solar system.

1.2 The two parts of ¢ge atom are composed of particles.

1.2.1 The electronfs a particle. r
1.2.2 The nucleus is composed of particles called protons ¢ ey
and other particles called neutrons. /a\ A

ticles may have an electrical charge.
.1 Protons have a positive charge.
.2 Neutrons do not have a charge.
.3 The nucleus of an atom is positively charged.
.4 The electrons in an ordinary atom are negatively,
. charged.
1.3.5 The magnitude of the charge of the electron is
equal to that of the proton.
1.3.6 Because the number of negatively-charged electrons
in the atom equals the number of positively-charged
. protons, the atom as a whole has no charge. '

1.3

Par
1.3
1.3
1.3
1.3

- '

1.4 The chemical identity of an atom -- what element it is -- is
, determined by the number of protoms in its nucleus (the
atomic number), because this determines the number and
: arrangement of electrons. ,

-
& .

1.5 The nuclei of two atoms with the sdme number of protons can
have different numbers of neutrons. They are then atoms of
different isotopes of the element. All elements have more than
one isotope. :

\
2 The nuclei of some isotopes are unstable. They change spontane-
ously, without any external influence. .

. L
3 When unstable nuclei change, they give off rays. Because of this, ’

isotopes Whose nuclei are unstable are called "radioactive
isotopes,” and the change is called "radioactive decay." All
elements have at least one isotope that is radioactive.

3,1 Rays cause effects in the materials they strike, such
v as fluorescence or the exposure of photographic film.
3.1.1 We can use cloud chambers or photographic film to see
the paths of spme rays.
3.1.2 Some rays are bent by a magnetic field, which shows
they have an electrical charge. Other rays arg not
bermt. ; L
. 3.1.3 Some rays pass through sheet metal, others are
' stopped by a piece of paper. o -
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! 3.2 There are dxfferent kinds of rays. -
3.2.1 Alpha "rays" can be collected in a bottle. When we do
this we find they are identical to~the nucleus of the
elementlhelium, which consists of two protons and two =
neutrons, éxcept for their kinetic energy. ¢* -
. 3.2.2 Alpha rays are easily stopped, but because of their
. great mass compared to beta rays, have more of an 1
effect when they hit something. - .
3.2.3 Beta rays consist of a fast-moving electron. ® |

3.2.4 ' Gamma rays are a form of electromagnetic radiation.
3.3 _There pre different types of radioactive decay. Each radio-
active isotope will decay in only a few particular ways,
sometimes only one.
3.3.1 Some nucléi decay by itting a negative]y— charged
electron (a beta part1cle)l’Iand changing a neutron to a
| proton. So the new nucleus will belong to an atom of
the next element in the periodic table. .
3.3.2 Some nuclei decay by emitting an alpha particle. The
new nucleus will have two less protons and two less
- neutrons.,

.

4 When a nucleus decays, it usually turns into a nucleus of another
element, because the Jumber of protons in the nucleus is changed.
The new element is called the daughter of. the or1gma1 element,
(The exception* is the relatively uncommon decay by isomeric
: transition, in which the nucleus becomes a nucleus of another

B isotope of the same element.) _ .
4,1 In a nuclear reaction, charge is conserved. The products of ]

the nuclear reaction will have thefSame number of charges of : |

each sign as the atom which decayed. . |
4.2 Some radioactive isotopes decay faster than others. How fast-

‘a_radioactive isotope decays can beg described by its*half-life:

the length of time it takes for half of any sample of the

substance to change to another substance.

. 5 Bombarding a nucleus with alpha particles or neutrons can change
: L it, ' -
5.1 Many stable isotopes can be transmuted into radioactive ones.
5.2 Nuclei of.one element can be changed into nuclei of a2nother
element.
‘ 5.3 When the nuclei of certain isotopes are struck by a neutron,
they may split into two new nuclei. This is called nuclear
. _fission, and the new nuclei are called fission fragments.
5.3.1 When a nucleus fissions, two or more new neutrons . -l
are thrown off at great speed. ;
- 5.3.2 The new neutrons can cause certain other nuclei to
; fission, so ¢he process may become self-perpetuating. It
- is called a chain reaction,
5.4 Only onge naturally-occurring isotope, uran1um—-233, can be
made to fission by neutrons traveling at slow speeds. »
4 Isotopes with this property are called fissile isotopes.
e 5.4.1 Very-fast-moving neutrons are needed to make :
the commonest isotope of uranium, U-238, fission. .
T 1S

-

: N ' A >




page 43

- «+6 Energy is released when a nucleus fissions. '

‘ 6.1 The fission fragments and leftover neutrons have less mass
than the nucleus and nedtron with ich the reaction started.

. The missing mass has been convgfted to energy aggording to *
the relationship energy equals méss times the square of the
speed of light. -

6.2 About 80% of the energy given off by fission is in the

’ kinetic energy of the fission ments. This energy is
quickly c8nverted to heat through collisions between the
fragments and surrounding molecules.

- .7 The energy obtained from nuclear power reactors comes from the
. fission of uranium-235 nuclei and other fissile nuclei. [Levine .

1981; Martin 1}980]

7.1 One way of controlling the rate of the reaction is to control
the number of neutrons in flight at any one moment, so that
just the desired number of fissions are caused.

e 7.1.1 The speed of the neutrons is important, because
~ uranium-235 is hundreds of times more likely to fission if -
. it is hit by a slow-moving neutron than if it is hit by a
fast-moving one. >
7.1.1.1 To slow down the neutrons, they are bounced
off atoms in a substance that absorbs as few
neutrons as possible. This substance is called a

- N

, " moderator. )
- 7.1.2 During operation, a nuclear reactor is controlled by )
. using substances that absorb neutrons.
7.1.2.1 Control rods made of substances that are very

good neutron absorbers, like boron, can be

inserted or withdrawn from the reactor's core. ’

a/< ‘7.2 . The rate of the reaction is also controlled by how many fissile
nuclei are present, and their spacing.
of 7 ranium as mined ("natural uranium") consists of less
than 1% fissile U-235; nearly all the rest is non-fissile
) U-238. -
] 7.2.2 When ordinary water is used as a de{ator, tod few

neutrons hit other 1J-235 nuclei to keep a Peaction going
: in natural uranium.

7.2.3 To increase the chance that neu(g:?!;)roduced by
fission will hit a U-235 nucleus, percentage of U-235
4s increased. This is called enrichment. Typically the
fuel is enriched to about 3% U-235.
7.2.3.1 The gaseous diffusién enrichment process

presently used consumes a very large amount of
electricity, but facilities using less energy-intensive
processes, like centrifuges, are being built.

7.3 Heat from fission is converted to electricity through a con-’ 1
¢ ventional turbine-generator set. . |
7.3.1 In a light water reactor, ordinary water is used both
as the moderator and as the coolant, transferring the

heat from the reactor vessel. :
7.3.2 Some reactors use h}at exchangers, so that the water
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circulating thrpugh the reactor vessel doesn't circulate
through the turbine. ’

7.3.3 Reactors reject a greater proportion of the heat they
produce to the environment than fossil-fuel fired power
plants do, becauserthey operaté at a lower temperature.
(See 1.6.5.2) The highest temperature at which a reactor
can operate is limited by “the temperature at which the
fuel rods will be strycturally damaged, which is well
below the temperatures reached by burning fossil fuels.

7.3.4 Additional cooling capacity, not part of the turbine
16op, is provided for emergency use. -

8 Fission fragments accumulate during the operation of the reactor.

8.1 Many fission fragments Are themselves radioactive isotopes and
decay into other substances, eventually into stable isotopes.

8.2 When the chain reaction in the reactor is stopped (for
example by the use of the control rods) the décay of the
fission fragments will continue to produce heat. So cooling
must continue to be provided.

8.3 Some of the fission products in a reactor absorb neutrons
and stop the reaction. So%e fuel rods myst be replaced
when only about 2% of the tfiel has fissioned.

8.3.3 Nuclear fuel can be reprocessed to separate
unfissioned uranium-235 and plutonium produced by
neutrons from other fission products.

‘

9 Ionizing radiation, such-as that from radioactive materials, is harmful
to living things. [Llndenfeld 1980] ~
9.1 Different isotopes differ in their effects.

9.1.1 Radioactive isotopes differ in the type of radiation
they produce, and differentstypes of radiation differ in
their effects. For example, alpha radiation, while not .
penetrating like gamma rays, causes more destruction
within a cell. So, for example, inhalation of alpha
emitters, causing them to be deposited on the surfﬁe of

. the lung, is very harmful.

9.1.2 Radioactive isotopes have different half-lives.

9.1.3 The physical nature of the form 4n which the radio- .
active isotope occurs affects its bidlogical effect. For -
example, gases and fine particulates may be inhaled.

9,1.4 The chemicalidentity of the isotope affects its biolog-
ical effect. Some iSotopes become concentrated in
particular organs of the body, for example, iodine in the
thyroid gland, or are concentrated by passage through a
food chain.

9.2 The more rapidly a tissue is growing, the more easily it can
be damaged by radiation. So children and fetuses are partic-
ularly susceptible to harm -- as are fast-growing tumors, the
"basis of radiation therapy for cancer. -

- 9,3 Radiation can damage the body. (somatic damage)
9.3.1 Large enough doses kill outright.
9.3.2 Smaller doses can lead to the developm‘ent of cancer,

€
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usually years after the radiatien-was experienced.
Unlike large doses, isolating the effect of low doses is
very difficult statistically.

Radiation can cause genetic damage. /

9.4.1 Radiation can cause changes in the DNA molecules in
the cell that contain the code for the cell's -reproduction.

9.4.2 If radiation alters the DNA of germ cells, mutations
are produced. It is highly unlikely that any mutation
will be beneficial. e - :

Living things have always been exposed to natural back-

ground radiation, such as cosmic rays and radiation from the

earth and building materials. This is the largest source of .

radiation exposure for most persons. :

Human activities have increased our exposure to radiation.

9.6.1 Diagnostic and therapeutic use of % rays and radio-
active isotopes is the major manmade source of exposure
to radiation. One yeaf's use of radiation in niedical
diagnosis at the present rate %ives the human population
an expeosure equivalent to 70 days exposure to the
natural background radiation.

9.6.2 Atomic bomb testing has produced worldwide fallout.
Each year of such testing (averaged oyer the years
1951-1976) has committed the human @Z:ulation to the
equivalent of 30 days exposure to the natural. back-
ground radiation. K/

9.6.3 Various consumer products, like smoke alarms and
*some luminous watches; emit radiation. One year's
exposure to such products is the equivalent of 3 day's
exposure to the natural background radiation.

9.6.4 Operation of the nudlear fuel cycle adds to the expo-
sure of the human population to radiation. One year's
routine operation at the present global installed capacity
commits the human population to an exposure equivalent
to six-tenths of a daggwexposure to the natural R
background radiatio*

10 Operation of the nuclear fuel cycle introduces additional radioactive
substances into the environment. . ’ -

(To provide some idea of the relative size 6f the contribution of
different parts of the fuel cycle, the United Nations Scientific
Committee on the Effects of Atomic Radiation's estimates of the
dose commitment are given in man rads per megawatt (electric) per
year.) .

10.1 The mining-of uranium ore has effects. (0.05 man rad per

2

MW(e)y to the workers; small to public.)

10.1.1 The principal effect is the inhalation by miners of the
gaseous daughters of the radioisotopes in the ore, which
results in cases of-lung cancer.

10.2 Uranium ore is processed (milled) to recover the uranium,

enriched, and made into fuel rods. (0.15 man rad per MW(e)y

for the workers; small for the public.)

10.2.1 Only about 1% of the ore is uranium; the rest is
rejected as "tailings.™ Tailings are a form of low-level

L
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radioactive waste; they release small amounts of radon
. from the decay of the radium they contain.
. 10.3 The fuel assembly is left in the reactor about three years.
) (Workers' dose commitment is about 1 man rad per MW(e)y.)
10.3.1 During routine operation, a reactor releases small
amounts of radioactive materials into the air (0.2 to
0.3 man rad per MW(e)y to the public). These
include noble gases like krypton and xenon. .
10.3.2 During routifie operation, the reactor releases
materials yx&(’che water. (Public dose commitment of

substances like the isotope of hydrogen, tritium.

av%‘; *10.3.2 During this time, ,some of the U-235 fissions, fission

N *  fragments accumulate, and the cladding  around the fuel
rod suffers radiation damage.

10.3.3 The fuel rod is removed and left in a pool of water
for several months. During this time, the isotopes with
short half-lives decay and the radioactivity of the rod is
reduced by a factor of about 50. (Dose committment is
very small compared to other items mentioned..)

10.4 Transporta’non of radioactive materials poses environmental
hazards in the evemt. of accidents or sabotage severe enough
to breach the extremely strong shipping containers. (Under
routine conditions, dose commitment is estimated at 0.003 man
rad per MW(e)y.)

o 10.5 Used fuel elements can be reprocessed to recover unfissioned
U-235 and "bred" Yissile isotopes. (At present, this is not
being done.) (Workers in previous reprocessing incurrred
1.2 man rad per MW(e)y.) (Global population dose commit-
ment, 1.2 to 3.3 man rad per MW(e)y.)

10.5.1 This is potentially the most polluting step in the fuel

' cycle.
10.6 Radioactive wa\ftes must be stored for long periods to keep
them out of the|environment. -

10.6.1 The plaL*l currently believed most satisfactory would
be to embed the fission fragments in glass and store
them in a geologically stable formation.

10.7 The physical quantity of wastes produced by the nuclear
. electric systemiis extremely small compared to coal plants
producing the same amount of electricity.
.8 Some materials put into the ecosphere by the nuclear fuel
cycle are extremely long-lived, specifically uranium-238 (half-
-life, 4%-billion years) and iodine-129 (160 million years). As a
result, even though the resulting exposure to the population
is very small in any one year, the collective dose commitment
over milliéns of years.is large.
11 Release of radioactive material as a result of a reactor accident is a
major concern.’
11.1 - A commercial nuclear reactor cannot explode like an atomic
bomb; the uranium is not sufficiently enriched for it to do
v so. ' .
11.2 A nuclear reactor that has been operating for a year has

_about 0.03 to 0.06 man rad per MW(e)y.) This includes
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accumulated a large inventory of radioactive materials, mostly
fission fragments. For these to escape the reactor vessel and
redundant containment structures would have to be ruptured.

11.3 * Containment might be breeched by external forces, such as a
hit by a ballistic missile. .

11.4 Containment might be breached if the reactor went "super-
critical," i.e. if it was possible for the number of neutrons to
increase indefinitely.” In a light water reactor, physical
factors, like the loss of moderation if the water boils in a

9 PWR, make this almost impossible.

11.5 Containment might be breached if there,was a loss-of-coolant '
accident." < .
11.5.1 The chief internal energy source available for breech-

ing containment is the heat from the decay of the fiksion
fragments themselves.

- 11.5.1,1 Even after the chain reaction has been stopped

(by the insertion of the control rods or release of a

neutron poison like boron into the reactor), heat

“ - . will continue to be produced. This heat must be
' carried away by coolant to prevent melting of the
fuel rods. .

11,5.1.2 Several extra core cooling Psystems are “built
< jnto the reactor for use if the main cooling system
: fails. .
: 11.5.2 If heat is not carried away, the fuel rods.will melt,
. releasing fission fragments into the coolant.

11.5.3 Reactions between the hot fuel rods and coolant
could create enough pressure to breech the reactor
vessel. . .

11.5.4 The melted, fuel could melt through the bottom of the
vessel, coming to rest- 10-20 feet below the reactor.

11.6 No estimates of the chances or consequences of a reactor
- accident have been universally accepted.

11.6.1 The Rasmussen report estimated accidents werg more
likely, but of less consequence (less of the reactor
inventory dispersed) than .estimates made by earlier
studies.

-

12 The amount of energy obtained from nuclear fission can be extended
by use.of reactors designed o convert non-ffssile isotopes into
fissile ones. Such a reactor is called a breeder reactor. '
12.1 World reserves of uranium-235 may be exhausted within a
century at present rates of consumption. e
12.2 When a-nucleus of uranium-238 absorbs a neutron it changes °
to uranium-239, which decays with a- half-life of 23 seconds to
neptunium-239, which decays with a half-life of 2 days to :
. plutonium-239, which is fissile. t This is the basis of one type

\ 12.2.1 Because uranium as mined is more than 99%- U-238,

.

of breeder reactor. . ~—
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the use of breeder reactors would increase the amount of
energy available from the uranium resource by~a factor
of almost 100. ) .

12.2.2 Production of plutonium takes place in the fuel rods
of light water reactors-as well as breeder reactors; so
there is plutonium in épent fuel.rods. In fact, because
the breeder burns more plutonium than the light water
reactor does, the light water reactor produces a greater
amount of plutonium. N -

12.3 An increased world inventory af plutonium is a matter of
great concern.,

12.3.1 . While it is difficult to separate uranium-235 from
natural uranium, it is relatively easy to separate
plutonium because it has different chemical properties.

. 12.3.2 Plytonium has the properdy of forming very small
particles which are long-lived intense alpha emitters.

12.3.3 The.policing necessary to prevent misuse of plutonium

" might have undesireable social effects.

—

12.4 Arother type of breeder reactor breeds uranium-233 from ,

thorium-232,

There is about 100 times more thorium in the

world than uranium.

The breeding gain would not be as

# great as with the uranium to plutonium cycle.

13 Energy may be obtainable from nuclear fusion, the nuclear reaction

in which two small nuclei join to produce a larger one,

[Fillo

1981}

13.1 This is thé reaction that occurs in the sun and in hydrogen

bombs,

13,2 Extremely high temperatures are requ1red, so high that
the reacting material cannot be allowed to touch its container,
13.3 To date, no design for a fusion reactor producing net. power
has been developed. )

-
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VII. _ENERGY FROM. S(?LAR TECHNOLOGIES

1 Solar radiation can be expected to be availab£ at a roughly ¢s§‘nstant

rate for millions of years to come (in contrast to our limited

accumulation of ancient ‘solar energy in the form of fossil fuels) .

1.1 Averaged over the year, the energy arriving at the earth's
surface on one day in the continental United States is about
1100 to 1600 Btu per square foot. ;

1.2 The amount of solar energy available in the sunniest and least g

sunny state (averaged over entire state's area, and on a per
‘unit area basis) differs bya factor of about 2; i.e., though.
.~ there is a real difference in the amount of solar radiation
- avhilable in Arizona and Minnesota, it is not of the order of
magnijtude which would make solar heating technically

. impossible anywhere. N
Al

-
El

2 Mechanical energy can be obtained from the sun-driven atmospheric
heat engine. See II.4 and II.5.
N N 1
. 2.1 Mechanical energy can be obtained from falling water. 3
2.1.1 The power available at a site depends on the distance
the water falls (the head) and the quantity of water
falling in a given amount of time (the flow) .
2.1.2 The use of hydropower entails risks, such as flooding’
.if dams break and induced earthquakes, and creates
ervironmental problemd through fluctuations in water
level or stream flow and destruction ‘of ‘habitat. Some
large reservoirs have had an appreciable impact on -
-climate. , .
2.1.3 Most sites suitable for large dams in the U:S. have
- been developed, but many small sites are available.
2.1.4 1In time, all reservoirs fill with silt. This eliminates
the energy storage capacity ‘of the h droelegtric site,
but as long as the river flows energy continues to be
available from.the head of water.

2.2 Energy can be obtained from the wind. [Gould n.d.]

2.2.1 Pgwer output is Proportional to the cube of wind
peed, so determining-the windiness of prospective sites
is important. Also, wind speed;increases with height
above ground, hehce towets.

2.2.2 Power output is proportional to the area swept ‘out by
the blades, i.e., t6 the square of.their diameter. Very

3 <mall machines (less than 25 kW peak power) thus are at

an economic disadvantage compared to'larger machines.

3 Fuels can be obtained by growing plants. (Biomass)
3,1 Plant material can be burned directly.

3.1.1- Biomass fuels are currently the major non-food enetrgy
source for much of the earth's populatio (estimated at
about 20% of present world fuel coﬁsumpnt;&). In this
country, biomass fuels* from waste have long been signif-
icant in the lumber, paper, and sugar industries. ‘

3.1.2 Heat can be.obtained by burning fuelwood.

.
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-3.1.2,1 "Ways Jf burning wood differ’ greatly in effic-
.. iency. Enclosed sffoves are more efficient than open
- fireplaces., 'Use of some fireplades results in a net
. P * loss-of heat (see XI1.4.5.1) ‘Thermal mass evens
hedt output while permitting more complete combus-
e _ tion (Compared to air-starved designs). Catalytic
. wrs are available which greatly reduce air
l 3.1.2.2 ""®8e of firewood carr1es with it risks (for exam-
., ple, fire and chain saw adcidents, which increased
. in New England as ‘fuel wood consumption. rose) and
ce 8 . environmental effects .(air ‘pollution by’ part1culates. ‘

effect of wood. harvestxng. on forests)
3.1.3 Production of fuel'biomass could be 1ncreased hy

ki improved agricultural techhiques, such as coppicing, sel-
. ' ective breeding of existing crops (e.g. "super" trees)
‘& and introduction of new crops (some tropical plants
'{g’ produce hydro(carbon -substitutes). 4

3.2 L1qu1d and gaseou'’s “fuels: Can bé made from plant mater1als.
3.2,14 Through fermentat1on and othér processes, alcohol can’

Sle ) be‘ made>from sugars, starcheés, and even cellulose.

‘4 Active. solar systems ¢an provide space or water heating

. -

- 3.2.1.1 Ethyl alcohol can be mixed“with gasoline to
’ increase its octane rating. This takes the place of
. the higher octane ‘components of gasol1ne, whose
v “manufatture s energy-intensive. ' [Haase 1980}
3.2.2 Through dnaerobic digestion, methane can be made
frofm plant_ i mater1als like crop wastes, manure and muni-
«ipal dewage.

@* . " 3.2.2.1 The liquid remaining after@1gest1on is an
: L& excellent fertilizer, since, escape of ammonia (wh1ch
’ { usually - occurs in open compostmg) has been pre- 4
1 { vemnted. ]

3.2.3 Biomass can be reduced to gases «and liquids by heat-
ingrit in an oxygen- def1c1ent environment. (pyrolysl‘)

= s P

1]

4.1 Approx1mately 70% of the energy consumed directly in U.S.
residences is consnmed as low-temperatur%heat for water and
g spage heating.
4,171 Solar energy is thepmadynamically appropriate for this
purpose,~fSee 1.6.5.1) bkcause the temperatures reached

? , solar collectors arg a good match with those needed
. the home. ~ —
4.2 A solar collector is used .to absorb sunl1ght.
> . 4.2!1 The direction the collectbg faces (the orientation) °
’ affectd the. amount of .sunlight that will fall on each
ssquare meter, of collector. - . M
. 4:2,1,1 Max1m'um radiation is available, ifsthe cbllector
faces south, unless partlcular times* of day are ,
, ol regularly -clear 8r cloudy. - -
<. 4,2,1.2 Generally. _maximpm radiation is ava11ab1e
4 0
R e SRS
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if the collector is tilted the same number of
* degrees as the latitude. Add 15 rees to
, the latitude if heat is needed primayily in the
: winter. _ : 3
4.2.1.3 These rules only maximizd heat gain.
The collector will still wop¥K if other orienta-
tions.are the only ones possiblé;and the.
‘, difference in energy collected can bg estimated
mathematlcally
v ' 0 .
4.2,2 The collector is des1gned t6 “maximize absorption of
radiation and minimize re-radiation. (see I1.1.2)
3,2, 2 1 Ideally, the "black" of the absorber plate is.
“is a good absorber of light emitted by an object at
the temperature of the-gun, but a poor emitter of
- radiation of the wavelength};&ml ed from an ob;ect
the temperature ofgthe absd¥fber p (i.e., it's:
bldck at visible watelengths but not 3 thermal
ones). h
" 4.2.2.2 The glass covermg is transparent at
wavelengths of sunlight but opaque to the wave-
¢ lengths emitted by the absorption plate. ’

©

-

4.2.3 Heat loss from the collectoy by conduction and
¢ conveéction is minimized.

4.2.3.1 Loss by conduction is minimiZed by insulation
under the absorber plate and around-the side of
the collettion box. Sometimes doublegglazing is |
used. The absorber plate is lsolated%om the case
by supports which \re- poor thermal conductors.

4,2.3.2 Loss by convection is prevented by careful
sealing of, the’ case. ' '

4,24 Collectors should not contain materials such as wood

which will outgas or burn at the temperatures reached.

4,2:5 The larger the area of the coll'ector, the more energy
- collected. .
4,2.5.1 Becausg- the céllector expense increases almost
linearly h' ingrease in surface area, while the
numhber of days the extra capacity would be’'needed
decreases expdnentially (four consecutive cloudy
dayg are much less likely than three), it is a
thistake to oversize a collector.
Heat is transferted from the collec?)r by the flow of a fluld
such as air, water, or some other liquid, Pumps or blowers
are generally uséd to do this; hence the name active system.
4,3.1 To prevent the collector's cracking in a freezing
*,cl}mate, liquid in the collector must not be allowed to
freez An antifreeze can be added to the water or a-
substgnce with a very low freezing poinf, like silcone
" oil, can be used instead of water. If such a substance is
‘used, bulldmg codes require two partitions (a double-
walled, heat “exchanger) betwegeh the antifreeze and

<
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\"i ’ éﬁnk‘ing water. Automatic draindown s};stems can also be
used. '

L
4.4 Heat exchangers may be usgd to transfer the heat between .
the collecting fluid and storage and between storage and

water or the building air.

b

4.3 Heatl is stored by warming materials such as a rockbed or a
« tank of water. .
. 4.5.1 . Sometimes a storage medium is used which will freeze
at a temperature a little above the desired temperature.
4.5.2 If the storage can be located above the collector, con-
vection can be used to circulate the fluid instead of
i pumps or fans. (thermosiphoning).
5 Sunlight can be used to meet comfort needs through proper building
design. . : :

. 5.1 Different climates create different comfort needs and offer diff-
. erent possibilities for designing buildings to meet those \
needs. ;
501.1 Example: Desert climates often have great day 'to night
¢ ~temperdture swings. Incorporating high thermal inertia
' into a house makes the warmth of the day awailable at
night and night's coolness available <§ur'mg the day.
5.1.2 Example: In some climates, cold weather is also clear.
In such ¢limates the energy need for heat coincides very
. well with the availability of sunlight. )
5.2 Orientatien of a building affects its ability to use sunlight.
5.2.1 South-fa¢ing windows collect the most heat during the
s '@day. East and west-facing windows collect less heat as
orientation from®true south increases. North-facing ,
windows provide light but lose heat. .
5.2.2 Maximizing the area of the exterior walls exposed to .
- the,sun and minimizing shaded walls, increases the
; unt of radiant energy =available. In a cold-.climate, a
‘** long narrow building should have its long dimension
. - facing south. ‘

f:"j; Seasopal changes in the angle of sunlight (see 1I.3.3.2) can
be matched to seasonal changes in the need for heat.
o' 5.3.1 Overhangs can be used to admit light from the low
- winter sun but block high summer sun.
5.3.2 Deciduous trees or plants can be used on southern
exposures to block summgr sun but admit winter sun,
(and similarly conifers can be planted on the side
. expgsed to prevailing winter winds) . )
. 5.4 Building materia]s. like concrete and stone can bé used to
store. heat, for example as a ceramic tile floor exposed te' the
sun. Generally wvertical, surfaces (walls) will absorb more -
heat than horizontal surfaces (floors).

s
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i . 5 5. Open floor plans make it easier for"warmed or cooled air to
: tirculate. . .
6 Community cooperation is"required for the most effective use of solar
. energy.
® 6.1 Local laws (in a few states, state laws) determme the extent -
) ) t6"Which a property owner car shade land to the north by
- - - ~ ~__ -construction or plantings. " .
6.2 The- layout of a commumty (for example, the direction of the
. streets) is one of the factors that detérmines how eff1c1ently
. - sunlight can be used. ’
6.3 Building codes may prohibit innovative construction.

0 - .
0 L |

7 ‘High temperatures ca'ﬂ be reached by concentrating sunlight.
: . 7.1 Lenses can be used to concemntrate sunlight/ .
. 7.2 Mirrors may be used to concentrate sunlight. -
7.2.1 A mirror shaped liké a paraboloid will concentrate
sunlight in a point, or if: shaped like a trough with a
parabohc cross section, in a line.
~ 7.2.2 1f it is to keep the sunlight concefitrated on a point
& throughout the day, a concentrating collector must
’ incorporate a tracking system, tilting the mirror to
compensate for the apparent movement of the- sun during
the day.
: 7.2.3 A field of hundreds or thousands of mirrors can be ¢
used to concentrate light, opi {3+small area, for example on
a boiler 'to supply steam®to”#¥ turbine-generator set that,
produces electricity. v .

.

8 Energy can be obtained by direct dbnversion of light to electricity

usmg photovoltaic cells.

8.1 " Most solar cells consist of two sllghtly “different layers of

’ semiconductor; photons knock electrons across the boundary
between the’ materlals. This process has a maximum theoreti-
cal eff1c1ency of around 22%; efficiencies of 17% have been "
reached in commerc1ally available cells.

8.1.1 The raw materials (silicates,’ e.g. sand) from which
the most common type of cell, silicon cells, is made are
obtained are extremely abundant, but a great’deal of,
energy is needed to extract and refine the silicon to ‘the
necessary purity and grow the crystal. (Currently

N . ’ about 3-4 years of operation of the solar cell is needed
* to repay the energy needed to produce it.)
. 8 1.2 Silicon cells have a lifetime in the decades. The

siliton itself never wears out, but the electrical
connéuvtions may peel off-the face of-the chip.
~ 8. I 3... The price of splar-cells has fallen constdntly since' .
tﬁey were first introduced, from hundred of dollars per
. peak watt to about eight dollars per peak watt in 1980,
. 8.2 Although.the monocrystalline silicon cell is the most familiar
. form of solar cell, other means of directly converting sunlight
. to electricity exist. Someg involve less expensive forms of
' — - silicon; some other materials such as gallium arsenide; some

.
. NN ~ .
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~
. \
other processés involving, for example, electrolytes. In all
cases, what'is being sought is the best balance of cost of
production and efficiency of conversion.

8.3 Presently available roof area is sufficient to supply a signif-
icant part of present electrical demand using present
technology. (Assuming use of 50% of existing flat and
south-facing roof areas and a cell efficiency of 10%,
photovoltaic collectors could provide 50% of electrical demand
(in sunny areas). ~ '

8.3.1 In areas with abundant sunshine, there is a good
match between peaks in the, demand for electricity and
availability of sunlight, since much of the peak electrical
demand is due to airconditioning. -
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’ VIII. ELECTRICITY AS AN ENERGY CARRIER

- 1 Electricity is not an energy source but a means of transmitting
energy.

1.1
’\

1.2

Energy sources,.such as fuels, falling water, or fissioning

nuélei, must be used to generate electricity., ~

1.1.1 Where electricity is generated in plants that burn fossil
fuels, the cost of fuel is a major part of the cosg;f ©
the electricity. . .

The value of electricity lies in the ease with which it can be

converted 'to other forms of energy, such as motion, light,

and heat. Its use in electronics is particularly significant.

2 Only part of .the energy of the souxge can be converted to
glectricity. (see I.6) \u{r\

2.1

r- . 2424

Hydroelectric plants have very high efficiencies.

The efficiency, of fossil-fugl fired.commercial electrical genera-

tion plants has increased (from 3.6% in 1900, to 23% in 1925,

to 34% in 1940, to approximately 38% by 1970). .

2,2.1 The savings obtained by increasing efficiency were
passed on to customers, resulting in a declining price
per kilowatt-hour until about 1970. :

2.2.2 Because the actual efficiency is nearing the theoretical/
maximum efficiency, further major increases in efficiency
through engineering improvements in traditional techno-
logies are considered unlikely. .

The thermal, efficiendy of a power plant can be increased by

making use of the heat rejected by the power plant.’

(cqgeneration)

Adding air pollution control equipment, like scrubbers, has

reduced the efficiency of power plants.

New methods of generating electricity may come into eommer-

cial prominence, .

2.5.1. Some, like fuel cells, magnetohydrodynamic genera-
tion, combined-cycle and fluidized bed combustion
convert traditional energy sources to electricity with -
higher efficiencies. : :

2.5.2 Some, like photovoltaics and windmills, tap energy
sources that have not previously been major sources of
electricity. ‘

2%,3 Many of the new technolpgies do not have the econ-

.

omies of scale typical of fossil-fuel fired generating
stations, and so could be dispersed. This would reduce
transmission losses, make cogeneration more feasible by
placing "potential users of waste heat nearer at hand,
and lessen the chancg of outages. , .
Energy is lost in transmission and distribution (for example,
by conversion to heat due to the resistance of the cables);
the amount depends on the distance and voltage, but a
transmission system efficiency of 80%-90% is typical.

'2,.7.1- High voltages are used to reduce losses and increase
thg amQunt of power the cable ¢an carry.

2.7.2 More efficient "transmission techniques, like cryogenic
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systems and modern direct current systems, are being

w tested. -~
-3 Electricity can only be stored by converting it to some other form; ‘

but it is .difficult to do this economically. .

3,1 Electrical energy is produced by conversion from some other
form of energy at almost the instant it is used.

3.2 Batteries have been too expensive for utility use.

3.3 Electricity can be stored by pumping water uphill into )
reservoirs, and later discharging the water downhill through :
generating plants (pumped stor“%ge). Another system, similiar
in principle, compresses air which is store\a"i}] an under-
ground cavern. x .

kel 3.4 Additional new methods of electrical storage, like flywheels,
are being'developed. -
' ~
4 Changes in demand for electricity complicate the job of supplying it.

., 4.1 "While in the past the demand for electricity had shown a
steady ;&7d predictable growth (doubling every ten years
extept during the Great Depression), in the 1970s growth
.slowed and became less pfedictable.

4.1.1 Because it takes appyoximately 10 years to construct
large power plants, utilities must accurately predict the
% demand for electricity ten years in advance,
; Seasonal changes in the demand for electricity occur.
* 4.2.1 Increased use of air conditioners has resulted in
electrical demand in the summer exceeding demand in the
winter in areas where air conditioning is widely used.
4,3 Daily changes in demand for electricity occur.
\ 4.3.1 Highest demand is typically in the afternoon.
4.4 The utility must provide enough generating capacity to
meet peak démand.
The maximum amount ef electricity called for at any instant
during a period of time is called the peak load. The amount
of electricity that is always needed, even when demand is
least, is called the base load. .
4.6 Base, intermediate, and peak loads are generated differently.
4.6.1 Since the base load is relatively constant, it can be
. met with generating plants that can't be started and
stopped easily (such as coal and nuclear plants).
Generally speaking, this type has the lowest operating
cost per kilowatt-hour. .
4.6.2 Peak load is met with plants that can be quickly
brought on line, such as gas turbines. Such.-plants
often use premium-priced fuels and have higher
. operating costs than the base load plants.
. - 4.6.3 Costs can be minimized by providing as much of the
power sold from base load as possible.
4.6.3.1 Elettrical energy generated by the base load\.
( plant at night can be stored.

M
[$%]

B
w

4.6.3.2 Loads can be managed in an attempt to switch
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them out of peak load hours. his can be done by

pricing (time-of-day metering) oY automatic shutdown of
certain uses at peak hours, such\ as some imdustries or
home water heaters.

»

"

5 At the present time, in most areas the cost of providing one more
kilowatt-hour of electricity is generally greater than the average

. _cost of a kilowatt- hour, because inflation has greatly increased the

cost ofynew generating capacity, and because low-cost sources,

such a® large hydroelectric sites, have already been developed.

5.1 Because conservation saves additional kilowatt-hours, saving
is on the margin. The economic attractiveness of alternatives
like home insulation and efficiency improvements by consumers
should be measured in terms of the marginal and not the
average price of the electricity saved.

6 When electrical energy (a form of energy rich in available work) is
- converted directly to heat (a form of energy with relatively little
' available work), thermodynamics suggests that there probably
exists a different way of using that electrical energy which would
provide more heat (perhaps a heat pump). Nevertheless, in some
instances resistance heating may be most sensible econgmically and
also save energy, due to the embodied energy used in making and
installing, for example, a heat pump (example an elderly lady who
needs additional heat in her bedroom in an old house which will be
razed on her death). Moral: examine each situation from first
‘ principles.
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IX. ECONOMIC AND FINANCIAL ASPEC? OF ENERGY USE

1 Useful energy is scarce: there is not enough energy available to do

everything everydne might_want to do with it (if it were free).

This has always been true and is-not a result of the petroleum

crisis. In these circumstances, how is eriergy allocated?

1.1 Because useful energy is scarce and everyone can't use it for
everything he or she might want to, people have to déecide
what it's worth using energy for. They must choose between
alternatives. [Leonard 1980]

1.2 Every such choice involves giving up alternatives, for

example, other possible uses of the energy, other po&le

uses of the resources used to obtain the energy, or other
uses of the labor used. (These foregone alternatives are
called the opportunity costs of the choice.)

1.3 Prices in a marketplace provide one way of comparing altern-
atives in order to determine who will get how much energy.
1.3.1 At any particular price, buyers of energy will be

willing to buy a particular quantity. This is called .

demand. ® s

1.3.1.1 In general, the lower the price the more energy
buyers will be willing to buy. For example, if the
price of gasoline were ten cents a gallon, people
would take trips they now forego, and buy big
cars, so the number of gallons they purchased
would be high. If gasoline were five dollars a
gallon, they would carpool more, buy more fuel-
efficient vehicles, and otherwise reduce the number

d of gallons bought. .

1.3.1.2 Demand can be represented graphically as
a curve on a graph of price against quantity, hence
the term "demand curve".
1.3.2 At any patrticular price, sellers of energy will be
willing to sell a particular amount of energy.
1.3.2.1 In general, the higher the price the greater the
quantity sellers will be willing to sell. For exam-
ple: at a high price per gallon gasoline producers
will undertake tertiary recovery projects and drill
more exploratory holes. ‘

1.3.2.2 Supply can be represented graphically as a
curve on a graph of price against quantity, hence
the term supply curve. .

1.3.3 In a free market -- one in which only the wishes of

many competing individual buyers and sellers have

an effect -- there is some price at which the
quantity buyers want to buy equals the quantity
sellers 'want to sell, and the selling price will tend
toward this price. This price is referred to as the
equilibrium, or market-clearing price.

1.3.3.1 If the price of the energy is higher than the |
equilibrium price, more energy will be offered for
sale than buyers want to buy. In order “to attract

4

4

. . buyers, some of these sellers will reduce their
prices. .
0003 .
A% B
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1.3.3.2 1If the price of energy is below the equilibrium
price, some buyers will not be able to find energy
to buy. Some of those buyers will raise their
offering price in order to get energy.

1.3.4 Supply and demand curves can be quite flat or steeply
sloping, reflecting a property called elasticity. An
almost flat demand curve would mean that buyere want to
buy almost the same amount at any price; this is called
inelastic demand. The extent of consumer conservation
recently has shown that the demand for energy is much

- more elastic than most people had supposed.

1.3.5 Price sétting by supply and demand in a free market
is the result of many individual decisions about the value
of a good or service compared to other goods and
services.
1.3.5.1 If anyone can contrgl——su\Zstantially all of

the supply or demand for :a good or service, he can
control its price. This is ca}jled a monopoly (if

o supply is controlled) or “a—monopsony (demand is

controlled).

1.3.5.2 Some-peopl€ are not represented in the energy
marketplace (for example, too poor, not yet born),
and so their opinion of the value is not taken into

.. account.

1.4 Over a period of ti_p{. sapply and demand change; and when
they do the equilibrium price will change also.

1.4.1

Over time, an individual's demand for energy can

change.

For example, imagine a.consumer who moves

closer to work, buys a more fuel-efficient car, insulates
her house. As time passes and these steps are taken,
that individual's demand curve changes sﬁpe. Changes
in individual demand add up to.a change in aggregate
demand. )

1.4,2 Over time, the supply curve for an energy source R
can change. For example: rising costs of extraction
with depletion of a finite resource make suppliers willing
to supply less at any given price; application of a new
technology can make suppliers willing to supply more at
an any given price.

1.5 Energy can be allocated by laws. -

. ’

1.6 Energy can be allocated by social custom, e.g., the distribu-
tion of food erergy by hunters in‘:some traditional societies,
/* or around our family tabies.

Y

not a free mrarket. (The closest to it is probably the market

for flelwood.) = % .

1.7.1 The pr‘ice's?,o?\,,seme sippliers’, the utilities, ‘aye
regulated. < . I

1.7.2 Prices of, some enkrgy sources, like oil and, gas, are
or have begn fixed by the government.

1.7.3 Suppliers have been subsidized in various ways by the

1.7 The;[arket for erergy in the United States is, in general,

.
%

-3




paée 61
S

governmént, for example”oil tax laws, government- '
sponsored nuclear enrichment plants or hydroelectric .
projects. oo
' 1.7.4 At some times in the past, energy has been rationed
(World War II) or allocated (recent crude oil allocations).
1.7.5 Competition ha\sP_e/en restricted, for example by,
oil import quotas. » ’
2 No way of getting or using energy is free; that is, there is always .

a cost. )

2.1 Every way of supplying energy ?‘eq\.\ires the use of scarce
natural resources, scarce labor, and, with insignificant
exceptions such as sunbathing, scarce capital resources.

2.2 In obtaining energy we give up the next-best use of these
resources. This is called the opportunity cost or the .
alternative cost. -

2.3 To find the true cost of gnergy, the energy used to obtain
the energy must be costé%yn the same basis as the energy
obtained. ’

3 The costs of energy supply and use are not always allocated to the

same persons as benefits. i

3,1 Not allocating costs to useérs encourages heedless consump-

tion, for egample, in an apartment where tenants do not pay
electric utility bills, - ) ) :
Air pollution from an electrical generation plant represents
a cost to old people with respiratory diseases, families with
. clean wash on the line, and so forth. The cost is net div-
vy ided among the purchasers of the electricity generated by the
. plant. Such costs are called social costs (but note that all
social costs are ultimately borne by individuals) or external
costs (because sellers do not take external costs into account
in setting their prices, in contrast to private or internal
costs like the cost of fuel). '
3.3.1 Use of air pollution control equipment reduces the
cost to the old person by reducing his discomfort and.
* - medical bill, and increases the cost -of electricity
(because of the capital and operating costs of the control
equipment).. So it transfers costs to users. : .
3,4 There is a cost to allocating costs. T
To use the example of the power plant again, the use of air
-pollution control devices is a way of allocating~costs to the
user: the costs of installing and opérating the air 'pollution
devices are paid by the users of the electricity when they
pay their electric bills. It is even possible for the costs now
borne by the users to exceed costs formerly borne by users
and non-users (though in the case of the power plant,
unlikely). . ) .
3.4,1 A point can be reached where the cost of allocating
costs exceeds the benefits from doing so. To use the
pollution control example again: it is much more difficult 1
to remove the last 1% of pollutants than the first 10%.
Since part of the cost to the users is passed on indi- -
rectly. to non-users (money spent on the electric bill

4
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is not available for spending on other goods and services), a
point can be reached where the cost to the non-user of the
~ remaining pollution is less than the indirect costs incurred by

allocation.

’
4
3

4 No way of saving energy is free; there is élways a cost. The )
problem is to determine how far the benefits of saving the energy °
exceed the costs of doing so (if they do). ’

(Sometimes the cost is trivial -- for example the labor and thought
required to flick off a lig{\t switch on leaving a room -- but it
exists.) ’ ‘

5 The return on investments in saving energy can be judged by
life-cycle costing.

5.1 Purchase price is only one of the costs incurred in owning .
and using a consumer good like a car, house, or appliance.
Future energy costs can be reduced by purchasing mor
energy-efficient equipment. For example, replacing a ge?s
guzzler with a fuel-efficient car avoids future gasoline
purchases. Buying a’ more energy-efficient refrigerator avoids
future purchases of elgctricity. -

-

w
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Often (not always) the more energy-efficient of two appliances
will have a higher purchase price.

5.3.1 It may have cost more to make. .
5.3.2 The higher cost,may represent a discounting of the

expected savings. For example, when the price of
gasoline rosé suddenly in 1979, some dealers raised the
price of small fuel-efficient cars well above the sticker
price at which they had been selling, and the cars still
sold. Rebates were offered on larger cars, and the
amount of the rebate approximated the price of the extra
gasoline the large car would use during first ownership.
-~ . 1Y .

Seme of the costs of owning and using a good are incurred
in the present (such as the purchase price) and others in the
future (such as the -utility bills) . Present costs cannot be
compared directly with future.

5.5.1 Money in hand now is worth more than the same

amount of money to be received in the future.
(Even in the absence of inflation.)

5.5.2 The difference between the value of money now and its
value in the future can be expressed as a rate. Call
this the discount rate.
5.5.2.1 Different people have different personal

fWiscount rates, largely because of differing abilities
to borrow. cause of this, life-cycle costing may

. show a consefyation investment to be very
' attractive to a high income family but-not attractive

, 4 to a low-income family. .
\ 5.5.3 In order to compare present and future costs, we must

()]
W
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‘ convert each of these amounts to its value on one
. [ particular date, which is done by using a discount rate.
- Usually the date chosen is now, and the values are

referred to as the present values. .

5.5.4 We can find the lifecycle cost of a good by adding the
present value of the estimatéd costs of owning and.using
the good over its useful life, including the opportunity
cost and salvage value. Comparing the lifecycle costs of
two comparable goods is a guide to whether a higher
initial investment is worthwhile.

6~ Resources tend to be invested in those projects which offer the

f*\ greatest return. ) -

. ’ £.1 Self-interest motivates energy suppliers, in choosing between
alternative investments, to try to maximize return.

6.2 The higher the perceived risk, the greater the rate of return
needed to attract investors. '

6.3 In general, projects able to attract investment by offering a
higher’ rate of return than alternatives can do so because
they make more productive use of the invested resources.

" 6.4 Decisionmaking by economic analysis is effective in finding
that use of resources which will lead to the greatest ‘ .
production of goods and services. It is not claimed to
produce a distribution of those goods and services that people o
will regard as fair.

"

‘ 7 Energy is obtained from other countries by trade. [Brown 1978]
7.1 All trade is an exchange. To obtain oil from other countriés,
we must give them something they want. |
7.1.1 Sometimes they don't want to trade for what we have
to offer, but they do want somethingl from another
¢ country who wants- something from us. ‘
7.1.2 Money is a way of facilitating™such trades, just as it
is within a country.
. 7.1.3 People accept money instead of goods in a trade
) ' ' because they.believe they can trade the cérrency for |
goods and services.they want. . !
.« 7.2 Efergy trade is one factor which affects the value of the
o / dollar (or amy- other currency) relative to other currencies.
7.2.1 For a number. of years, many oil-producing countries
have asked to be. paid in American dollars. Other oil= ~
buying nations had to obtain dollars in order to buy oil.
) 7.3 If a country imports more than it exports, other things being
equal the value of its currency will tend to decline. Imports
will become more expensive,and its exports will look cheaper
to buyers in other countries.
7.4 1f "the value of the dollar rises relative to the currency of
) another country, their goods look cheaper to us, so we will
import more, and- ours look more expensive to them, so we
- BN will be able to export less tothem. And conversely.
oL - 7.5 “The size of trade deficits caused by purchases of oil is
‘ ) creating a world-widé financial problem. B

- 4

. 7.5.1 Some of the 'less-populated, less-inhdustrialized oil - .
* . exporting nations.are earning more from their oil exports
’ .

* ¢
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than they currently need to pay for imports of goods
and services. They’must {ind investments in other
countries for this income.
.. 7.4.2" Oil exporters must make a produce now or later .
> , decision. They can cut back production, saving the oil
for future years and raising the current'price (because
- demand would stay the same and stpply- would de-
crease), or they can seek investments that will increase
in value at least as fast as the oil would if left in the
ground. x . , ’
7.4.3 The less-developed'nations that do not have oil are
. particularly hard hit by oil price increases because ‘they
have few exports (especially of high-value manufactured
goods) with which to balance™thdin trade account.
. v
8 Energy costs are part of{the supplier's cost rjall goods and —
services.

% >
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' *  X. ETHICAL"ISSUES IN ENERGY USE - .~ ~ - -~
Vou . - ‘A different format has been used for this topic Because it deals )
) - with questions of‘values, whic?gach ggudent must decide for him or '
a ‘ “f‘ﬁzgrself. Since mdstiethical quéstions in energy use involve tHe effects

_of one's actions on other people, some ‘generalizations on the ipnter-
. p‘grsonal,effects ®f energy supply and use are‘aﬁrst,"présented, together
PR with some li‘st)léoé?_examples which are not all-inclusive. Thase are
foﬁoM by e ples of questions of values which students might
consider, e T

~ ) ‘ ‘ @ .’ ? N
. 1 Any petrsan's use of energy affects other pe?)ple. @ N
- . 41.1 One's use of energy maybe helpful \o others. .- S
! 1.1.1 Everyone uses energy in providing gdods and .s@:vices / ,
.o other people want. ) ’ : ’
s, o 1.1.2 The use of energy sometimes contributes to the
increase and spread of knioyledge, whi¢h’ helps otler
. ' * people. . . : . .
. ‘o . P
o1.2 One's use of energy has environmental effects which affect
- ; other people. . \ ) ,
_1.2.1 It exposes workérs inyenergy supply, to' unhealthful. St
i " conditiofis. . T \ \
. : 1.2.2 It can affect the ability of the biosphere. to sustain -
. ) ) - humanlife.

— s = z

. 1.3 The ugg._g.f/energy affects the organization of society, and so
affects. individuals. .
1.3.1 It affects what sorts of jobs are available to others.
.1.3.2 It affects the spatial’?‘rrangement of communities. .
1.3.3 It affects the continujty of societies (e.g., Australian
) aborigimesg,and uranium, boom towns of Wyodming and
: ' coal.) K .
A ‘
, 1.4 ne's use of energy affects the availabi.lity of energy for : 4
use by other people. : o .
e 1.4.1 The effect maybe felt through the price mechanism;
: that is, .incrxéasing demand tends ‘to raise the price and
p— puts energy from that source out of the reach of some
_ “  users. .o . .
- ’ 1.4.2 The use of energy can deplete resources, leaving less
- ' for future geherations.
~ e .
1.5 The benefits and costs*of energy use may be separated in -
- ‘ . time. For example, the costs of pollution are often left to be -
borne by futur'e generati?)ns. ' '
1.6 There is a range in how voluntaf'y people's decisions to bear
. the costs of energy use are; on the one hand is the person
‘ who volunteers for hazardous work; on the other hand the

4
™
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peopie on the family farm downwind from a new gérierating plant. S

2 Different groups arecaffected in different ways.
* L4

-

2.1 In our country, the poor spend a larger percentage of their

) . income on energy than other groups do, yet their energy
consumption per- capita is smaller than that of -higher income
' groups and so reductions in usage through conservation are
’ . mote difficult. : ‘ g

. 2.2 Groups differ in their access to technologies, and that affects
\ their use of energy.. '

Examples of Questioné . . . . 1_
A Are our current activities in the field of energy fair to the gth~er‘ p{l;&

who liye in our communities and najion?

7!{ is easy to ge ged down in considering only things-we are
. (' doing and perhaps shouldn't (for example, what some -describe as
buk .profligate rate of consumption). However,,i¥ is equally .
important that students constder actions we are hot taking and
perhaps, for the benefit of others, should. o

-

in terms of meeting the energy needs of o‘ther's‘
(Are state mineral severence taxes, collected on {fuels sold to
i other states, fair? WHy or why not? Agree they have been

found legal.) - .
in ferms of the burden or’ costs placed on others

s ’ (Suppose it is legal to add a Seednd story to your home that
will shadow a nei or's solar collector? Is it fair or not? .

Under what conditions?)
in terms of opportunities (like jobs)’opened to others

’

-

Are our current activities in the field of energy fair to the—people who'
are not yet bofn’ 0

in terms of depletion of finite resources
¥ \ in terms of pollution problems associated ‘with ener e
in terms of a technological. heritage (Yuch as small-scale
appropriate technologies? such as cheaper photovoltaic cells?
, such as breeder reactors? such as fusion reattors?)
in terms of a sdcial heritage of an equitable means of distributing
energy among the members of saciety? in terms of a social
heritage of an efficient means, of providing for
society's need for energy?

-

Is there a conflict between equity, efficient production and use of
«'energy, and stability, and if so how may conflicting needs be balanced?

Should any energy soufces or uses be prohibited, and if so why? Who
shall make such decisions and what is the source of their authority?

5

Should food like corn or land'that could be used to produce it be

I s

\ .
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v

used to produce fuel? o ¢
~ ~

ﬂ .
_Are our current activities in the field of energy fair to people who live
in other societies on our planet? ! ] S

. ]
in terms of depletion of finite resources
(Should we encourage the lggs~populated oil-producing nations to
sell their "national heritage® in order to invest the proceeds in $he
economies of the developed nations, or to preserve it for future
* generations of their citizens? [The wording_is deliberately loaded
to provoke students.]) ' ‘
in terms of pollutipn problems associated-with energy use
. (If it were shown that continued burning of coal would cause
global climate changes, should one nation attempt to prevent -
another from using that energy sdurce? : [The question can be
rep&\rased with petroleum, nuclear, etc.)) ' )

4

in terms of a responsibility to deiil.op new technologies S

. (such as: small-scale "appropxiaf@' technologies? such ‘as less

costly photovoltaic cglls? such as breeder reactors?* such as
fusion reactors?) ( -

1L

7 Is there a conflict between freedom and interdependence? .

. ' -

Is dependence wrong? Is it wrong for one individual .to'depend on
another? ...for one nation to depend on another? ... to be
‘dependent on another? What is the difference, i& any, between

»
dependence and interdependence? . :

Does dependeénce create mutual obligations? M ‘
Assume one nati as had a long-term dependence on another for*
its energy supply} as many nations do depend on the Persian Gulf
states. Is it ethical for the Persian Gulf state to cut off the ~
.supply of oil to the dependent state for a political purpose,

‘ knowing that this will produce economic chaos-in the dependent

_ country? In such a case, should the dependent country seek a
*" violent remedy, i.e. seizure of the oil fields by military force? Do
"oil as a political weapon" and "gun-boat diplomacy" differ in their
rightness or wrongness? What if instead &f oil it was "food as a

political weapon"?

KR
h
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XI. CONSERVATION OF ENERGY .

(Shelter-related conservation and transportation conservatien, the two
bxggest energy-users which individual citizens can control personally,
_are treated in separate sections XII and XIII respectively.)

1 Conservatlon means using less energy, but it does not necessarily
mean, doing without the benefits that energy use presently pro-
vides. Increases in efficiency provide the major means for
achieving this. For example, a more efficient refrigerator can
provide the same benefits to .a family as a less efficient one, but
will use less electricity.

2 Conserving energy benefits individuals and society as a whole.

2.1 Fuel costs can be avoided.

2.2 The rate at which energy prices increase will be less than it
would be without conservation.

2.3 The investment needed to save a certain amount of energy is |
‘ often less than the investment that would be needed to pro-
‘vide that amount .of energy.

For example, in many areas $1000 invested in home insulation
will save more energy than could be provided by $1000 spent
on generating capacity and fuel, or on an active solar,
system.

2.4 Conservation promotes stability.

2.4.1 It reduces international tension over the distribution of
resources.

2.4.2 It makes our society less subject to shocks from
sudderf fluctuations in our energy supply.

3 All ways of conseffing energy cost something. ‘e _ .
3.1 _The questfon is the size of the net benefit
3.2 Of the conservation measures that reguire investment, those
that provide the earliest payback should be done first.

FEY

! 4 Energy is conserved on'the margin, that is, energy that is saved is

the one extra gallon of gasoline, the one more kilowatt-hour of
electr1c1ty that would otherwise be needed, and the marginal cost
is typically greater than the average cost.
New capacity must be. built at today's prxces‘ old capacity was
built at much lower prices.
4.2 In general, the best dam sites, the shallowest oil, etc., is
" exploited first; the more you extract the more each addit-
ional unJié costs to produce. : '
t5 Energy may be saved by recycling materials. [Bowman 1978] |
: 5.1 It often takes less energy to reclaim a material than it
" does to produce the material from virgin resources.
5.2 Munieipal wastes may be used as an energy source.

6 Energy may be saved by using heat which is riow re}ected, such
as (in the, home) the heat in domestic wastewater or heat from
clothes dryers. In' industry, cogeneration, the use of heat rejected
from engines or turbines béing used to run electrical generators,

’
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~
may be a large source of savings.

7 Energy may be saved by the wise choice of appliances.
\ 7.1  Appliances that use electricity to produce heat will generally
be the biggest energy ysers.

7.2 Frequently an appliance that is more energy-efficient than
similiar models will have a higher purchase price, which may
represent such additional manufacturing costs as more copper
in the motor windings, extra insulation, or more sophisticated
controls. Life cycle costing (see IX.4) may be used to deter-
mine whether the higher purchase price will be recouped
through savings on utility bills over the life of the appliance.

7.3 Information on energy efficiency of major appliances can be
obtained from manufacturers' listings of EER and SEER
ratings, legally required energy labels, consumer publica-
tions, and governme:\t agencies.

8 Enée‘y can be saved by thrifty habits: recognizing when energy is
being used to no purpose and avoiding' it.

»
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' XII. SHELTER-RELATED CONSERVATION )
I'd ~ W -
1 Space heating uses more energy than -any other activity in the
_typical household. About 40% of total residential energy use ™ the
U.S. is for space heating.

- 2 .The pufpose of using energy for heating and cooling the home is
* to pro}vidq human comfort. N
2.1 Degree-days are a unit used to measure the need the weather
creates for heating. To find the heating degree-days for one
" day, first find the ‘average of the highest temperature and
the lowest temperatures reached on that day\(in degrees
Fahrenheit). This is called the mean temperature. Then
subtract the mean temperature from 65°F. If the mean temp-
erature is above 65°F, no heat is required and the number of
degree-days is zero. To find the degree-days for a longer
period,add the degree-days for the individual days.

u 2.2 Humidity interacts with temperatmre in determining human
- comfort.
2.2.1 More heat is needed to raise the ten‘lperature of
moist air than dry air.
2.2.2 It takes energy to remove moisture from air.

. 2.3 Comfort depends on radiative heat transfer with room
' surfaces as well as ambient air temperature. A room with
warm dark walls will feel comfortable at air temperatures much
below those that would feel chilly if the walls were also cold.

2.4 Comfort needs donot require that a building be heated
uniformly.
2.4.1 Older people and young children often need higher
rogm temperatures.
2.4.2 Physical exercise reduces the need for heat.
2.4.3 Unused rooms need not be heated, except to prevent
-\ frozen water pipes or damage to special contents. )

2.5 Cl{)thing’a'djustments can substitute for increased heating
) or cooling. ) *

3 Conduction can fuse an unwanted loss of heat, during the heating
- season or gain of heat while air conditioning is in use.

"~ 3.1 Some building materials are better thermal conductors than
. others. Building material”that is used because it is a )
relatively poor conductor of heat is called insulation. .
3.1.1 R-value is a unit used to measure the resistance of a
* building material to the flow of heat. The higher the
R-value, the greater the resistance to the flow of heat.
A substance with an R-value of one will permit one Btu

‘ to pass through one square foot in one hour when the
. difference between the temperatures on the two sides is
S one degree Fahrenheit. \ '
E o . .o ! ' L
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-3.4

#

3.5

Ny

3.1.1.1 The R-value for different thicknesses can be *~ .
estimated by multiplying' the thickness times the
R-value for one inch. This is only an estimate,
which becomes less reliable as thickness increases.
For better information, consult the actual package
markings.

3.1.1.2 To estimate the R-value of a wall or roof which
contains layers of different materials, add the
R-values of the different layers.

3.1.2 The U-value is the reciprocal of the R-value. The
lower the U-value, the greater the resistance to the flow
of heat through the material.

Properties besides the R-value must be considered in
choosing an insulator. For example, some forms of insulation
can cause corrosion of wiring conduit or plumbing. Some are
a fire hazard and can only’be.used below ground. Some emit
noxious gases.

The circulation of water vapor mugt be considered when

insulation is installed.

3.3.1 The warm air in most residences contains enough water
vapor that some of it will condense on surfaces as cold
as the house's outside walls.

3.3,2 ‘Water vapor that enters the insulation space within
the walls reduces the insulating value of the insulation
by making it soggy, and contributes to the rottmg of
the wood framing.

3.3.3 A waterproof vapor barrler, such as a sheet of poly-
ethylene or aluminum foil, must be placed between the
heated portion of the house and the insulation, to pre-
vent condensation in the insulation .

Sheet glass is a poor thermal insulator :compared to most
building .materials. A great part of the heat loss from a
residence may be through closed windows.
3.4.1 Heat loss through windows may be reduced by putting
insulation on the window.
3.4.1.1 Drawing heavy drapes at night reduces heat
loss.

+ 3.4.1.2 Thermal shades, msulatmg shutters, rigid
insulation,and other devices can also be used to
reduce heat loss.

3.4,1.3 Before insulating windows by methods that
block the passage of light, the heat loss prevented
should be %ompared with the heat gain prevented
by blocking direct sunlight.

7 3,4,2 Heat loss through windows may be reduced by

trapping dead air between the glass and additional layers
of glass or plastic, Thesel may be removable storm
windows or double or triple-glazing. :
Insulating ducts and pipes that carry heated air and hot
water throdgh unheated S;Cjes .can save energy.

’ .
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4 Infiltration of outside air causes an unwanted loss of heat during
the heating season, or gain~ of ‘heat while air conditioning is in
use. :

4.1 The rate at which inside air is exchanged for outside air
depends on the size of the openings and the difference
between the air pressure inside the house and the pressure
outside. . . .

4.2 The wind is the main cause of differences between the air
pressure inside a building and the pressure on the other side
of the wall. The stronger the wind, the greater the loss by
infiltration. Wind expo$ure can be reduced by proper siting;.
by planting conifers on the windward side, and by earth-
sheltering.

4.3 Some building materials, liké brick, are porous and permit
slow infiltration. The more porous a wall,the greajer-the
infiltration loss. Porosity can be reduced by using sealers.

4.4 The loriger apd wider a crack, the more air can get in or
out. .

4.4.1 Caulking may be used to seal cracks. Caulking
deteriorates and must be renewed at varying intervals (1
to 10 years) depending on the type of caulk used.

4.4.2 Weatherstripping is used to seal cracks around
windows and doors.

4.5 Various deliberate openings in a building's envelope also permit
the escape of heated or cooled air.

4.5.1 Open fireplages exhaust warm interior air.

This can be minimized by:

4.5,1.1 Keeping the damper closed when the fireplace is
not in use.

4.5.1.2 Closing all doors in the room containing the
fireplace,}so that heated air cannot be drawn in
from other rooms, and opening the window nearest
the fireplace an inch or so to provide unheated air
for combustion.

4.5.1.3 Using glass doors to restrict flow of inside air
into the fireplace.

4.5.1.4 Feeding the fire with outside air through a
special duct (with a damper).

4.5.2 Kitchen ventilators exhaust warmed interior air. In the
heating season, kitchen ventilators Should be used the
least amount necéssary to exhaust smoke and odors. If
‘air-conditioning #g in use, run the ventilator only as
long as the air beihg exhausted is hotter than the
outside air. '

4.5.3 Bathroom ventilators exhaust warm interior air. -

4.5.

.

'

,
.

4 Clothes dryers exhaust heated air which may be save
in winter; but should be exhausted to the outside if air
conditidning is being used. Good filtration is needed to
prevent a health hazard from lint.
‘ -
LI

1

LN




page 74 k RN ¥ :

~
-

\‘m

4,5.5 Heated air escapes through openec-i doors and the ’ ‘
' cracks around doors. Airlocks around entrances reduce
the escape of heated air. Automatic door closers may v

also save energy.

4.6 Some exchange of inside and out51de air must be provided in
a tightly-sealed house, to prevent the accumulation of noxious
fumes, radioactive decay products, and other pollutants.
4,6.1 An air-to-air heat exchanger can be used to recover

heat from the air being exhausted (or cool incoming air).

5 Gain and loss of heat through radiation can be controlled. -
5.1 Deciduous plants can be used to block sunlight in summer
while admitting winter sunlight.

5.2 Darker roof and wall colors promote both absorption and /
radiation of heat. Lighticolored roofs reduce summer heat
gain.* L

5.3 Awnings or other shades can prevent entry of d1rect sunhght

6 Ways of supplying heat to the home dlffer in efflcacy
It is better to use "efficacy" than "efficiency" in this context An
electric heat pump, for example, might have a Coefficient of Per-
formance of 300%, indigating that it delivers three times as much

energy in the form of heat than the wires deliver to it in the form '
™~ . of electricity., COP flgures are a useful and usual way of compar-
’ ing different heat pumps, and heat pumps with resistance heating.

But they are a measure of efficacy and not of efficiency; the fact

that energy cannot be created ensures that no device can have an ‘

efficiency of more than 100%.
. 6.1 The furnace and its firing rate should be sized to the job,
6.2 If forced air systems, energy can be lost from ducts.
" 6.2.1 Uginsulated ducts running through unheated areas
wagte heat.
"6.2.2 Ipucts can develop leaks which must be sealed with

\

tape or caulking - (
6.3 In some &limates, heat pumps are a ‘more economical form of -
heating. They are almost always more_economical than electric
resistancg heating. ; .
3/
-7 The way a heating system is used makes a difference. - o
7.1 Maintenance affects efficiency. For example: ’ .
7%1.1 Annual tuneups, for example of oil burners, save
energy. The effictency of the burner depends on the
proper fuel/air mixture. If the burner is not correctly ~
adjusted, incomplete combustion will result, wasting some
of the errergy in the fuel and creating other hazards as

well .
‘ 7.1.2 Clogged filters require more energy fo move the air.
' Filters must be replaced before they become clogged.
7.1.3 Coils of heat pumps and air conditioners, and ;
radiators, must be kept clean. The purpose of the coils
is to transfer heat between the fluid in the coils and the
surrounding air; dirt acts as an insulator that retards
heat flow. "4 .

L]
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Reducing the a\;'eraé'e. thermostdt setti lg-”s:a.vésl'enei'gy. S
Turning down the thermostat at night 'saves energy. Devices

are sold which do this automatically.

. .7.4 Ma & heating systems can be adjusted so that d1fferent parits
of Ahe home receive only as mych heat as is needed for the
activities that take place there,

. * 8 Ajr conditioning is a major use of energy in many homes.

In the U.S. as a whole, it accounts for about 6% of total resi-
dential energy use.

the
8.1
8.2

-

It is especially impertant in areas where it is
major cause .of peak felectrical demand.

The higher the thermostat setting, the less energy is used.
Filters must be replaced before they become clogged, to

prevent a heavy load on the fan mofors.

&

.Y 8

3
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9.2

4.3

Reduce heating load.

8.3.1 Shade air conditioner coils.
8.3.2 Vent .hot air, for example from dryers or stoves.
8.3.3 Save heat-producing tasks like cooking or ironing for

night or cooler weather.
8.3.4 Prevent direct sunlight from entering the house.
Use ventilation instead of air conditioning where possible.
8.4.1° When 'the outside air is cool, use a whole house fan
instéad of an air comditioner. ' '

8.4.2 Use house designs that take advantage of prevailing
winds. .

8.4.3 Use house designs that ude natural convection in the
interior. ~ -

Use day-night temperature fluctuations where possible.
8.5.1 Add thermal mass to the house and provide for night
cooling (e.g., adobe walls with night ventilation, roof
ponds with night re-radiation) .

Use the thermal inertia of the earth itself (earth-
sheltering, ventilation through buried pipes).

8.5.2

9 Water heating is the second largest use of energy in the average
residence.
energy consumption.

It accounts for about 14-17% of total U.S? residential
Water heafers.differ in eff1c1ency, bdth between types

(gas, electric, solar, heat pump, etc.) and within types. In.
choosing a water h&ater, initial purchase price and energy
savings may be taken into atcount by using life-cycle costing-
(see IX.4).

Sediments that accumulate in the bottom of gas and 011 fired
water heater tanks act as insulation that reduces the
efficiency of the heater. Draining the tank flushes out this
sediment.

Adding a blanket of additional insulation to gas water heaters
will save fuel. (Don't close off the air supply at the bottom!)

x

-
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’ \
9. 4 1t may pay to insulate hot v«atégr pipes that run through an
uninsulated space. :
.9.5 Energy is saved by lowering the thermostat setting of the
water heater. (But, don't do it if you are using-an older
" model dishwasher that requires 140°F water. )
9,6 Using less hot water is a way of reducing energy

‘ ) consumption, !
9.6.1 'Cold or warm water wash cycles and cold rinse cycles

are adequate for most laundry.

. -

9.6.2 Fix leaky faucets.
9.6.3 Use flow restrictors in showers, take short showers
3, —_ . instead of baths.,
9,7 Waste heat, for example from air conditioners or used water,
’ . can be used to heat water. * ¢ Co

A

Selected References -

/

‘ . ASHRAE Handbook and Product Directory. 1977 Fundamentals. 1977.
New York: American Society of Heatmg, Refrigerating, and Air-
Conditioning Engineers.

Hand, A.J. Home Energy How-To. 1977. New York: Popular Science
and Harper and Row. Part one is one of the better explanations of

< home conservation (part two, "Producing Energy," treats solar energy,
windpower, and so forth.)
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XIII. TRANSPORTATION CONSERVATION

1

2

(g

3

4

Transportation is a majox use of gnergy “

About 25% of all energy consumed in the U.S. in 1979 was used for .

transportation.
1.1 Petroleum proyides almost all the energy used for transport-
ation in the United States.
1.2 In many households, gaSOhne purchases are the largest single
energy purchase made in the household. .
'Means of transportatlon differ m the amount of energy required per
uni# transported: energy per ton-mile in the case of freight;
energy per passenger-mile the case of persons.

2.1 Besides direct fuel costs, in each formwof transportation other
costs will be incurred, -some of which are indirect energy
costs, some of which are not energy- -related (e.g., people's
time).

Changes in people's routines can reduce energy requirements for
transportation. [Rubenking 1980b] ”

3.1 Combining trips saves energy. Not only is the same ground
frequently retraced in multiple trips, but-also it gakes 20
minutes for the typical automobile to reach peak efficiency.

3.2 Sharing the ride (carpooling, shared. shoppmg trips) saves

energy.
3,3 |A means of communication, like mail or the telephone, can
%:noetlmes be used to reduce the need for transportation.
osing a job near your home or a home near your job
saves energy. ‘

'_3.4

Automobile energy consumption can be reduced by more energy-
efficient design.

4.1 Reducing the deadweight saves energy. Weight can be
reduced by using new, lighter materials (e.g., plastic-
hoods, aluminum engine blécks), by eliminating features
(e.g., power-opérated windows). . )

4.2 Engines with better thermal efficiency are being qeveloped
4,2.1  Thermostatically-controlled fans speed engine warmup
\ and reduce drag at crusing speeds.

4.3 Radial tires decrease energy logs to tire flexing, and can save
‘on the order of imipg.

4.4 At highway speeds, most of the energy is used to overcome
air resistance. Streamlining reduces gasoline consumption.
4.4.1 Addmg ‘roof-top luggage carriers or other accessories

that disrupt the air flow will reduce fuel economy at
cruising speeds.

4,5 ;Manual transmissions use less energy than automatic trans-
missions.

v L
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\

4.6 Indicators like vacuum gailges help the dr1ver learn fuel-
saving driving hablts
4.7 Some fuel-saving measures: invo‘l\‘ tradeoffs, with safety and
pdllution control measures.

5 Automobile energy consurﬂphon can be reJ\Qd by more fuel- -efficient

driving techniques. Theré can be as riu¢h as a 30% difference in .

fuel consumption between a poor drlvef and one who i
fuel-efficient. [North Dakdta 1977, Reichert 1980, Rugenkmg
1980a] . J ’

5 1 Aveld idling .

.1.1 Warming up more than 20° sondswastes gas. A car
that requires a Enger'warm up needs a fune-up.
5.1.2 When a car is stopped for more than a minute,
turning off the engine will save fuel (provided you
: know your car will restart.) ‘
5.2 Sudden acceleration wastes gas. N .
5.2.1 Avoid jack rdbbit starts. g
.2.2 Avoid habitual lane-changing.
5.2.3 Avoid racing the engine in neutral.
5.2.4 Don't re'eatedly pump the™ accelerato,r when starting.
5.3 Brake as little as is consistent with safety.
5.3.1 Anticipate stops; let the engine do the braking.

wn

I

5.4 Most cars get their best mileage at 35 mph. Miles per gallon
will be about 20% better at 55mph than at 70 mph.

5.5 Don't overfill the ‘tanks always have a gascap. .

5.6 Get into high gear as quickly as possible. ’

5.6 If radio stations in your area broadcast traffic information,
~use them to avoid congestion.

!

6 AutomoBile energy consump’uon can be reduced by proper vehlcle
maintenance.

(To provide a picture of the relative importance of various prob-
lems, percentage reductions in gas mileage are given below.
Because fuel efficiency depends on many factors, such as climate,
the” use of the car, the driver's technique, and so fforth, these
figures should orﬂy be taken as rough estimates, from reputable -
sources, that apply to some cars under some conditions.

6.1 Tune-ups can add 5% to gasoline mileage.

6.2 Underinflated tires can.reduce gas mileage by 3 to 5%. ep

~.
S

tires inflated to the highest pressure récommended by the tire |

manufacturer. . o
6.3 ,Remove unnecessary deadweight, like snow chains in the trunk
in the summer. Adding 100 lbs to a subcompact will reduce

ileage by 0.4%. E ' -
6.4 Chinge oil at recommended intervals. A multi-grade or =~
synthetic oil may give better mlleage . )

6.5 Improper wheel alignment can reduce gasoline mileage by
.* 2 to 3% (4inch out).

.6 Dragging ‘brakes affect gasoline mileage.

.7 Operation of the automatic choke affects gaspline mileagJe.

oo

-
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6.8 .Fouled sparkplﬁgs can reduce mileage by 3 to 7%, or 2° nfiles -

per gallon.

_ ~

6.9 A broken thermostat or one set to open at too low a tempera-
‘ture reduces gas mileage by as much as 20%, since an engine
is .most effi¢ient when warm. N IR B

3

.7 Automobile energy use can be reduced by better traffic\'manage-.\
ment«by local and state agencies. s
7.1 1dling time can be reduced, for example at stoplights by

synchronizing traffic lights and allowing right turns on a red

light, or moving more of the traffic on thruways. .

—

.

'

— hi 1
DT aKImmg—canr oS¢

on-ramps on freeways, to maintain a steady flow of straffic. ™

‘Selected References

Weiers, Ronald M." 1980.
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Chilton's More Miles Per Gallon Guide, 2nd

Edition. Radnor, PA:«Chilton Book Company. The most comprehensive. -
of the books of advice fop-tar owners. - . .

Automotive Fuel Economy

. .
PT-15., .1976. Warrendale, PA: Society of

Automotiye Engineers. Ihe best of the papers on fuel economy pub-
lished by the SAE ‘between 1966 and 1976.., Extensive bibliography. . -

. &
Automotive Fuel Economy--Part 2 PT-18. 1979. Warrendale, PA:. .

s .

% peflod 1976 to 1979.

“»

Jocjety of Automotive Engineers. Extends the above work _for thelq
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R e

SOCIAL STUDIES

P =3 R

Is there a curriculum with which energy topics can be correlated?

Cl

Despite the appearance of great diversity and the fact that curric-
ulum decisions are made at fifty state and thousands of local levels,
there §is considerable® uniformity in the broad outlines of th? social
studige ___c_:ljxyiculum within the United States: ) :

’ v T A '

While persof)‘ls ‘both in and dut of the profession_have maintained
that social studies lacks uniformity and predictability, the data
analyzed in SPAN indicates that jghjs is not true. g4nformation from g
the RTI survey, the Illinois case™®tudies, and the Ohio State lit~ ‘
erature review points to a strong similarity of courses or topics

taught at grade levels from K-12 across the nation. ‘The impact of

this similarity 4s,a virtual nationwide curriculum which is held

rather firmly in place by state laws, district requirerfents, text-

book offerings, and tradition. The most typical sequence is shown

offering, typically given at three different grade levels. At the high |
cchool level, 93% of the schools surveyed in a survey sponsored by the
National Science Foundation offered American History ‘and .81% required
it of all students. The RTI survey states: . v ]

' - Y ‘

Sch’é\ols which include ohe or more of the grades 10-12 h#ve their
largest social studies Q(rollments in U.S., History. (approximately 4

“million), World History Yapproximately rm?ﬂéqg)ﬂ,\an American
Government (approximptely 1.6 million). " In eadacage, rfoughly

jne%hird of the enroflment is in 10-12 schools, while the remainder

s in schools which ifclude .grades 9-12. o othdf high_.school - --

¥

3

in figure oneg. " :
.- ¢ AN . ‘ )

. figure one, . T S

Dominant Social Stidies Curriculum Organization Pattern

rd

K - Self, school, community, home A

1 - Families -~ ,

2 - Neighborhoods . ‘

3 - Communities r . ) X . '

4 - Regiong,r State History . '

5 - United States History . .-,

6 - World Cultures -

7 - World Geography or History L (R

8 - United States {Mwtory - )

9 - Civics or World Cultures

10 - World History : ’ .

11 - United States History . . ‘ . o ) £
12 - Unifed States Government '

. . . .{Superka, ref 405) -, "
. - . p . . v
Should some course offerings receive priority2. © - . ;

Note that American History is by far the mos?‘dominant single . i
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v
.

: ~
social studies course has an enrollment as high as one million, A\
‘although ,several of the social science courses have, enrollments in

the 6’0;) 000-700,000 range. t ]
. s @
D1str1but10n by pertent of all somal studies classes

?bh@l\s{hlc 1nc1ude any_of grades 7-12 '
Ame istory 3437 . \
N Social Studies o 18% . ”

.\

State Mistory J% . '
» Civies . ~F 63 . . :
World Geography 6% . : .
Other - \295 ’ . 3 ‘
100% .
=

D1str1but10n by percent of all social studies class®s .
in schools which include any of grades 10-12
American History 27% .

; World -Histery - . 10% ——.—. e k=R
' Psychology 7% } t
. American Culture, ‘ ' : \
Cont. Issues 7% '
U.S.Government 5%
Economics 5% '
Other 38% .

-

1 . » ® - (Weiss, ref 406) ‘

So, American('History seems in a glass by itself among the social’
studies course offerings, whether one considers number of students
enrolled, percentage of classes offered, t number of schools offering .
the subject, #r the numbér of differeanlZ:de levels at which students -
may be eJiposed to the subject. It would seem that because of this
teacher training and supplementary materials. development for American
Hlstory will have a greater impact than similiar resources committed to
othér *social studies course offerings, - . -

Tke followiqg'sectidn presents some sample objectives that might he
considered for use at various grade levels in the typical sequence s
described previously. This list is far from exhaustive.

A Y
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"Examples. of, Wid'ely—Use" )

KINDERGARTEN g'FIRST GRADRgEs -- Families

People Home (King) [
Social Sciehces: Concepts &
Concepts and Inquiry Series:
*EK

“¥ou and Me (Grade 1), [Rand McNally]
Understanding People (King) [Laidlawl .

alues (éran ein) [Harcourt Brage]
Our Countr{ (Grade 1) [Allyn & Bacon]

Examples of Energy-Related Objectives .

\ )
X ’ , v
The student recognizes instances of energy usé in'the home. (But,

clearer insights into ways 4, 5, and 6-year-olds can conceive of energy

a eeded.)

[The student can identify some energy sources entering his own

hothe, such as food, gasoline, electricity, fuel oil, and natural gas.
The student recognizes that energy is being wasted in a few

" simple household examples, such as leaving on the lights or TV when

there is no one in the room.

The student recognizes that his/her parents pay money for
energ¥. .

The student is aware ngers involved in the use 'of ‘heat” and
electric energy, and in f‘h"se ‘of power—drlven machinery.

Examples of Energy Curriculum Materials | - ,
Ener% nservation Activity Packet, K-2 s
132 The nerg\L We Use '

/

T. The entries above the asterls‘its are those t
used by, the.National Science Fodndation survey in 1977, in order of

popularity. Additiopal titlés have been added (below the asterisks) to

show the directions Qa.ken in more recent publications and by other

major publishers. ) ' ' ’
\ ‘ ' 4

‘. i q“s * -~ - ‘

ts 1dentitiedvas most- ,
ntifi ~
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SECOND GRADE--Neighborhoods ’

Examples of Widely-Used Texts L8

Families and Socia Needs (King) [Laidlaw]

Social Sciences: cepts and 'Values (Brandwein) [Harcourt Brace]
Concepts and Inquiry Serles ~Our, Commumty [Allyn and Bacon]

* %%

Here We Are [Rand McNally]
Understanding. Famlhes (King) Laidlaw .

o*

14

Examples of Energy-Related Objectivesg

. . -
The student recognizes some uses of energy outside the home and
recognizes that these uses benefit the student (such as street cleaning

and street lighting). .
Th'e student recognizes that all f&¥ms of transportation require
energy.

" The student recognizes that a supply of energy is essent1alito the
wOrk done in a few occupations typical of the community. ’

\

Examples of. Energy Cu%ricﬁ‘lum"!\igterials P -

4 Energy .Consérvation Activity Packet, K-2
117 Oklahoma Energy Awareness Education, K-3
17 . Community Workers and’the Energy They Use

¥

#
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. Explolmg C munities [McGraw-Hill}

THIRD .GRADE -- Communities . -

Examples of Widely-Used Texts
Communities and Social Needs (King) [Laidlaw] g
Social Sciences: Concepts and Values (Brandwein) [Harcourt]

Concepts and Inquiry Series S
*kk ’

Exploring World: Communities [Follett]
Understandmg Communities (King) [Laldlaw]
Our Land [Rand McNally]

4

Examples of Energy—Related‘ Objectives

The student recognizes some objects in the commurity were made
to provide members of the commuhity with energy. This would, include
the fungtions of such infrastructure as electric lines, g§soline stations, _
and in a larger perspective the existence of systems like the electrical

. system (generatmg vstatlon, tranSmlssmn lmes, etc.). :

~ * The student recogmzes that some people in the commumty have
jobs rel@tmg to supplying the community with energy.’ In other words,
the meter-reader’, fuel oil dealer, afnd ‘sélar installetr can be a community

*

. helpers too. - - .

The student tan 1den!c1,fy most of the energy sources. used in the
community, and can identify the geographical source of the petroleum
used, 'and the fuels (or hydropower) used to generate electricity.

~ The student ricogmzes the role of enerfgy in such commumty‘
functions as transportatlon of food and people.

*

Examp)es of Energy Currxcu)um Materials
5 Energy’ Conservation Activity Packet, Grade 317 Commumty
Workers and the Energy They Use
128 Energyvand Transportation .
163 Energy Use in Homes ahd Stores ) -
‘164 Schools Can Conserve, Too : :

165 Transportation: The Energy Eater ! '
/ .
. P‘ . 1
= ' * - ' "7

-

i}
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FOURTH GRADE -- Regions : | ' .

Examples of Widely-Used Texts ,
Exploring Our World: Regions (Gross et al) [Eollett]
Social Sciences: Concepts‘and Values (Brandwein) [Harcourt]
Regions and Social Needs (King) [Laidlaw]
Contemporary Social Science Curriculum (Anderson) [Silver Burdett)
Man and His World Series .
Concepts and Inquiry series: Agriculture:gPeople and the Land, and
Industry: People and the Machine [Allyn and Bacon]

Tiegs-Adams series . . ‘
***\

. Studying Cultures [McGraw-Hill]
Understanding Regions of the Earth (King) [Laidlaw]
‘Where on Earth? [Roand McNally }

’s’F_:xamples of Engergy-Related Objectives

- \
P

The“étua-gntt recogni‘-z-es_ that the energy resources ¢f regions
differ, and can describe the chief energy resources of two different
regions.

The student describes the role of energy in transportation within a
region and between regions. . ) ~

. The student relates the occupations within a reg'ion to the energy
%esources available to the people. *. e ’

The st}ldent cart give examp1e§ of the role of energy in providing
organic and inorganic raw materials.

v -

o &

- .
» I '

. \
.o 14

Examples of Energy Curriculum’Materials

86 Netwo%ks:\How Energy Links People, Goods, and Services
! . T ! \ .
~

2
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FOURTH GRADE -- State History

.

Texts
Texts for this subject naturally vary from state to state. Exam- =

ples of such texts include.Exploring Our State: Wisconsin [Follett],
Ohio: Geography, History, Government, (Second Edition) [Laidlaw],
and A Panorama of Florida and A Panorama of West Vjgginia (Jalamap
Publications). . ' i

4
Bxamples of ‘Energy-Related Objectives
The student describes the sequence in which the sources of
energy used by the people who inhabited the area where he/she lives
have changed in the course of time. ‘[Here is a clear exampte of ‘the
opportunity and necessity for local groups to develop classroom mater-
ials on energy. In many states, much of the historical spadework  has

~already ‘been- done,~typteally by state energy offices ,.and is available t?

educators. For examples of such sources {which are not themselves .
classroom materials) see Kuntz, ref 604; Itami, ref 602, Fang, ref 6011

The student describes the énergy supply and use position of the
state in which he/she lives. (Again, because the energy flows in
states do differ greatly, local development is essential. For a graph1c
.display of the differences in energy use and supply from state to state,
see Kidman, ref 703. Ref 3 provides a useful model although not at the
proper grade level.)

The. student c_an describe the role of energy in one industry or

other economic act1v1ty which has been important m—ﬁﬁ—deveiopmentﬂ}f—-——-ﬁ‘_

3

the region. v

The stydent contrasts thé energy situation of his/her state with
that of another state or couhtry. ’ ) .-
* The student descrihes how the climate of the state has affected its '

[

_or local law or ordinance involving energy use or supplv

peoples use of energy.
¢ The student uses historical data (1913 1978 newspapers) and
knowledge of the way the state uses energy to predicf the effects a
petroleum shortage would have on the state, and proposes solut1ons‘
thé-‘problems created. N~
The student describes the events leading té the passage of a state

[

-

A '
“ .

) 1 . . ~ ¢ . /‘?.:.
Examples of Energy Curriculum ‘dater‘s
86 Networks: How Energy Links Pepple, Goods, and Serv1ces
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FIFTH GRADE -- United State} History

Examples of Widely-Used Texts
Exploring Our World: the Americas (Gross et al) [Follett]

\ Social Sciences: Concepts and Values (Brandwein) [Harcourt]
The Social Studies and Our Country (King) [Laidlaw]
Contemporary Social Science Curriculum (Anderson)
Man-and His world series
Concepts & Inquiry series.[Allyn and Bacon]

x* x %k ’
,Understanding the  United States, I McGraw-Hill]
Understanding Our Country (King) [Laidlaw]

Across America [Rand McNally]
The Making of Our America [Allyn and Bacon]

Examples of Energy-Related Objectives

> The student descrlbes ways early Americans depended on wood as
a fuel. T T T
. The student describes how colonial Americans used ammate energy
‘and contrasts'it with the use of energy today.
L 4

to changes in our use of energy.
The student relates urbamzatlon to changes in the sources of |,
energy available to families.

&

¢

LY , . . [ [

Examples of Energy Curriculum Materials
L) - <

e

The student relates changes in the nation's transportation system -

it
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SIXTH GRADE <- World Cultures
Examples of Widely-Used Texts ) -
Exploring series [Follett] T
Social Sciences: Concepts & Values (Brandwein) [Harcourt] ’
Understanding the World (King) {Laidlaw]
Contemporary Social Science Program (Anderson) ‘
Man and his World series o
Concepts & In§uify series: The Age of Western Expansion, New World
. and Eurasian 'Cultures, The Challenge of Change, The Interaction
of Cultures.

Tiegs-Adams series
Investigating Societies [McGraw-Hill}

. The Worlgd--Themand Now [Rand McNally]
Cultures of the World [Allyn and, Bacon]
Examples of Energy-Related Qé}ectives ’

N q .

The student recognizes' that cultures may differ in the sources of
energy they use. |

The student recognizes that the level ofsper ‘capita energy con-

¢ sumption varies greatly 'from culture to culture. )

The student recognizes that some uses of energy are socially
determined. ~ .

The student recogmzes that ener¢ vy use and supply may be influ-
enced’ both by the physical environment (such as the presence of fuel
deposits, vegetation, climate), and b‘y human factdrs such as cultura'i
tradition and education. A

The student describes an instance in_ which one cultyre has
acquxred a new energy source or way of using energy from another
culture. . ' )

The student relates ah instance when a new energy-use technology

* had a major impact on a society. o o
\"‘\:\‘ /! v h
j
) " ..:‘ AN ! S .ot §
. ‘gxamp]es of Energy'éu'r‘ric'ulum Materials -
48 Energy and World Cultures - i
', 95 Bringing Energy t6 the People: Ghana and the U.S. |
96 Two Energy Gulfs .,
120 'Energy Management Center Intermedlate Program o
o -
(1 - ¢
. . a Es . .

’
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SEVENTH GRADE -World Geography

Examples of Widely-Used Texfs

NFFF )
..Our World Today series [Allyn & Bacon]

World Geography (Backler) [SRA]

World Geograp é\y Today (Israel) [Holt]

World Views [Rand McNally]

(Land and Pgople. A World Geography. Irtended for the 9th grade.)

Examples of Energy-Related Objectives \ v

s .

The ‘student- recognizes that tRe earth's minetal energy resources
are not evenly distributed, and can locate the major resources. (Ref
14) .

* The student recognizes that a variety of climates exist, which

creates dlffermg needs for energy . .
The student“describes the role of energy in world trade.
)
) 8
L]
fi

- 7
= / ) ,"/
Examples of Energy Curriculum Materials- ;
95 Bringimg Energy to the Peopleina and the U.S. v
96 -Two Energy Gulfs ° ’ : "
106 Energy Activities for Junior Hl%ocial Studies
J . . . ’ . - . } N
’
[ 4
~ k .
~ [ -

&..
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SEVENTH GRADE -- World History

Examples of Widely-Used Texts

ET T3 ) > L
A World History (Linder et al) [SRA]
Human Heritage: -A World QHls/cory [Merrill]

/‘\ - e ,

Examples of Energy-Related Ob]ectlves L ’ a

The student recognlzes the brevity of thé period of human use of
fossil fuels in comparision with the length of human existence.

The student recognizes that exponent1a1 rates of growth cannot be
sustained. . . e

The student describes the innovations in the use of energy during
the Bronze Age

The student describes the 1nnovat10ns in the use of energy during
the Industrial Revolution in England

The student describes ways in which our society's use of energy
differs from that of all previous societies. . . -

The student describes an example of the impact of an ‘energy-
related technologlcal development on a society.

The student describes the, role of petroleum in Mlddle Eastern
pohtlcs in the T'wentieth Century

[

2

Exarr;ples of Energy Curriculum Materials

'418 _Energy and World Cultures

a
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EIGHTH .GRADE-*United States History
A
Examples of Widely~Used Texts *

This is America's Story (Wilder) [Houghton Mifflin]
America: Its People and Values (Wood et al) [Harcourt]
BkE . :

The American Adventure [Allyn & Bacon] o

The Impact of our Past (Weisberger) [McGraw-Hill]
Freedom's Trail (Bartlett et al) [Houghton Mifflin]

The Free and the Brave (Groff) [Rand McNally]
America Is [Merrill] .

Discovering Our Past: A History of the U.S. (Bowes et al) [SRA]
Faces of America: A Histoty of the U.S. (Smith et al) [Ha/rpe{ and
Row] , . '

America! America! [Scott Foresman] \

American History (Garraty) [Harcourt Brace]

B

Examples(of Energy-Related Objectives '

= .
'Diitudent can date each ,of the three U.S. energy transitions. R
The

tudent can describe, giving dates, the United es
changing role as a petroleum exporter and importer.

*

Examples of\'Energy Curriculum Materials
20 Energy Transitions in United States History
24 Energy, Engines, and the Industrial Revolut
40  Energy in American History

49 Energy and American History

169 Energy, Food, and You

Py

(1~ . !
Y -
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NINTH GRADE - Civics / »}

Examples of Widely-Used Texts

American Civics (Hattley)
kK

Civics for Today (Branson et al) [Houghton Mifflin]
Governing Your Life: Citizenship and Civics. (Dublin et al) [SRA]

‘Civics. for Americans (Patrick) [Scott, Foresman]f

Civi (Ball et al) [Follett]

-

Examples of Energy-Related Objectives

. s
’ ]

The student recognizes that s affect sources and uses of

.

.energy.

95

The student can describe.the rationale and somé problems -of sun .
rxghts ‘ordinances and the process by which such a miaiu? is debated

and enacted
[}

u’o
‘ \]
» rd
Y .
-
o . i
3
- 4
r~
-~
' N .
\ . - _"2\6
&

L

Examples of Energy Curriculum &E . :

25. Transportation and the City : "
3 Western Coal: Boom or, Bust?
133 How a Bill Becomes a L?v to Conserve Energy

-

™
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(
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NINTH GRADE -- WG‘r Cultures

. ¢ v é
) Examples of Widely-Used Texts .-
» FEE - R .
The Human Experience, World Culture Studles (Weitzman e’e al) s )
[Houghton Mifflin] .

People, Places, and Change: An Introduction to World Culture (Berry
’ et al) .[Holt] * '
People and Cultures (Garbirino) [Rand McNally]
Global Insights: People and Cultures, [Rand McNally}

b g 4

Examples of Erlergy Related Objectives
The studént compares sources and uses of energy in an ancient

and modern culCure . ,
The -studeht compares how access to energy, sources is determined
. in two contrasting cultures. » ’ {
The student compares the mcentlves to capital accumulation in two ’
contrasting cultures. *. - . g
Ld
/-\ * * ~_ y ’ <
0‘ v ¢ . R T — N T
¢
- ~
-
L
?
v a *
o * ~
]

Examples of Enepg‘«x Curnculum Materials
21 Energy in the Globpl Marketplace
48 Epnergy and World Gultures”




@

-5

Examples of Energy-Related Objectives ) /

’ o . : page 97

TENTH GRADE--World History

Examples of Widely-Used Texts
EXE3

Unfinished Journey (Perry) [Houghton Mifflin]
History "and Life, The World and Its People [Scott Foresman]

‘

]
L]

The ‘student describes the changing uses of energytﬁn the ancient
Middle East. ) '

The student describes how the attempt to obtain resources has
beer a source of conflict in the twentiethsgéntury. *

" The student describes how the IndusEal Revolutipn changed the

availability of power. .

The student describes in broad outlines the historical relationship
" between per capita energy consumptlon and human well-befng and
capital accumulation. -

.
-
\

4
.
# -
—— N
rd Y 3
> : )
.' N
Examples of Energy Curriculum Materials /
.21 Energy in the Global Marketplace . 'i P v
24 Energy, Engines, and the Industrial Revolution
¥ d :
» A
- o a v . ‘
) RIS ”
¥ A
e 3 A e 1 ' R *
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ELEVENTH GRADE -- United States-History

\
Examples of Widely-Used Texts | :
Rise of the American Nation (lodd) [Harcourt B;‘ace] s
History of a Free People (Bragdon) T
American History (Abramowitz’);:{Egllet‘t]

* KK ) ) R
These United States (Sheraton et al) [Houghton Mifflin] -
The American Experience (Madgic et al) {/Addison-Wesley] . ~ .

The United States: A Higt‘%ry of the Republic [Prentice-Hallﬁ
The Americans: The History of -a People and of a™Nation (Jordan et

- al) [SRA] ’

We Americans (Banks) “fAHyn and Bacon] / ) : - .

Modern American History: The Search for Identity (Wilte) [Harper and .
ROW] ’ : .

& -
Examples of Enefgy-Related Gbjectives \J

. The s'tud'ent describes each of the three energy transitions.in U.S.
History, suggests causes for each of them and suggests some .of the
impacts each of them had. . . ) —
) The student gives a chronological account of the role of the United
States in world energy trade, and suggests some effects our energy

“trade may have had on or relations with other nations.

The student -gives an historical account of the rise;of the auto-
mobile and itsﬁmpa_ct on life in the United States in the period
1900-1973. SN ' ’

' The student compares the impact of electrification on the farm and

.+ in the city, providing "dates. R
. The student desérib_es the changing, use of energy on the farm in

the p.eriod 1800-1980, and describes its mpact on American society at

large. . . . ) )

, The student compares wood consumption in America d Furope in

the period 1750-1850%. and suggests economic reasons, for the .diffes—

-~

’ : ences., A B . - "
. . ' T
. .
-~ ad L]
” A \
. r

’ L ~
Examples of Energy Curriculum Materials | - oo '
19  Agriculture, Energy and Sogjety - ' ' ]

' p




TWELFTH GRéDE"-'- United States Government
. Examples of Widely-Used Texts i

Magruder's Amerlcan Government (McClenaghan) [Allyn_and Bacon]
Rk - -
American Government (Kownilar et al) [McGraw Hill] R bl
) American Governmént (Schick et al) [Houghton Mifflin] \ < ,
‘ United States Government: the People Decide (Hale et. al‘3 [SRA] ‘
American Government: Comparing Pohtlcal Experlences (Glllesple et azi)

[Prentice-Hall] . } -

" American Government (Rosencranz) [Holt] .
. American Government Today (Lewinski) [Scott, Foresman]. ° . .
- _ ‘ a ; .
Examples of Energy-Related Objectives - T N e
> - . ! ’ . ‘

The student descrlbes the process by whlch a bill about energy
becomes a law, .
- t The student describes the process by which regulatory agencies
carry out. laws related to energy

The student describes some ways energy may affect our relatl%

”

o,

with other governments.

. N -~ I
& . . s ) o H
: ' \
- - <
»
» 4 ,
. )
. Examples of Energy Curriculum Materlals ) ) ,
S , "16 Energy and Society ‘,/; ¢ ..

27° - U.S. Energy Policy: Which Direction?,
133 How a Bill Becomes a Law to anserve Energy .




N | o
page 100 . ~ \ ]

-

j¢)

" SCIENCE C

Is there a curriculum pattern, in science with which energy can be
integrated? , i '

At the K-6 levels, there appears to be considerable national diver-
sity in the content taught at anyy one of the elementary grades. In
part, this may be a heritage of the- science curriculum projects of the: .
1960's and 70's, which pldced a strong emphasis on science as process
rather than as a body of facts. Nevertheless, though there is nothing
- like the year-by-year pattern of themes encountered in the social _ -

gtudies, if one considers only the topics.ir)t'roduced and not the grade
level at which they are approached th‘ere is* considerable uniformity of
gcope nationwide. This is especially evident if only programs prepared
_ by commercial ,publishers are considered, since the’ elementary curric-

ulum projects were less inhibited about introducing new topics.

In any case, different programs often treat any given topic at >
different grade levels. As measured by the-content of leading texts
(an appropriate method because it has frequently been observed-that
elementary science teaching is highly text-oriented), the range does not
appear to exceed three grade levels. The sample correlation offered
below reflects one common scope and sequence.

At the jumior high and high school levels, course content is much
more clearly defined. ’

~ In considering the practicality of additional treatment of energy in
the science curriculum, a few additional facts may be pertinent: .
. Proprietary surveys by commercial publishers have shown that as a )

group science teachers have ‘been much more interested in introducing
energy-related topics ‘into their classes thaﬁn social studies teachers
have been. , ’

The average number of minutes elementary 't?achers spend on
science each day is decreasing. . ‘

Eighty per cent of the elementary schools have no budget set-aside
for science materials; eighty-four per cent have none for science equip-
ment. (Weiss, ref 406)

~

Should some course offerings receive prioritﬂ?
It is clear that more students take biology than anything else: '

- -

-

DistribJ’tion of all Science Classes in schools having grades 7-9,

General Science 30%

Earth Science c 5% )
: Life Science ’ 16% : ) ‘ ‘

Physical Science 15%

Biology - 6% “

Other T 8% . f

In the grade levels 10-12, .the following pattern was found:

b
2




Biology . .o40% . i '
, Chemistry . " 19% A ‘ <
Ve Physics P | R O
Advanced Blology ‘ 5% - :
Othex. - . 21% ”
(Weiss, table 287 page 63) ° ! ) t

In addition, elerhentar:y teachers tend to emphasize biclogical topics
sver physical science topics, reflecting thelr training and, often, a fear
: Yof er /distaste for the physical sciences. ~These con51derat10ns confirm
the usefulness of developing life-science-oriented energy materials for
infusion at the elementary level. On the other hand (as there is no
escaping ‘the relévance of the underlying physics), they may also reveal
the need-to develop inservicing methods which would ‘teach elememtary
teachers very basic thermodynamics, and which would make them c¢ -
fortable with related classroom activities. %

»

>
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KINDERGARTEN § FIRST GRADE

" Examples of Widely-Used Texts T LT zee b —eee

Concepts in Science (Brandwein) [Harcourt] =~ v : .-

Science: Understanding Your Environment (Mallinson) [Silver Burdett]
, ¥ New Laidlaw SciencefProgram (Smith)

Heath Science Series (Schneider) . ) . ‘

* KK : - . .
’ Accent on Science .{Merrill} ' . >

Heath Science .

Holt El&mentary Science _ - ' .

Ginn Elementary Science )
Examples of Energy-Related Objectives .

“The student identifies light, heat and motion as different forms of

energy. ’ ‘ -

The student recognizes that energy is needed to make solﬂething'
move. - . . . . h
The student recognizes that the flow of heat energy ‘sometimes , =

causes changes in states of matter. . . )

.
R4

“ The student is aware that all living things require ener'gy.
The student recognizes that food provides energy. )
The studgnt recognizes that the sun is“the source of all daylight. -

!

i

. . . .
*
- - . ‘

EY . 4

Examples of Energy Curriculum Materials

1 Energy: A Multimedia Kit for Teachers .- s ’

35 Energy and Conservation Education Activities for the Classroom, T :
Level 1-3, : - ' )

132 The Energy_ We Use '

o - -

O - 1,»‘,. 7

EMC . e ;o.M -
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‘, SECOND GRADE \J :

1 ' .
Examples of Widely-\lsed Texts
Concepts in’ Science \(Brandwein) [Harcourt]

M 4

0 ¢ Science: Undérstanding Your Environment (Mallinson) [Silver Burdett]
¢ New Laldlaw Science Program (Smith)
e ‘ Heath Science Series (Schneider) - .
o KEE »
. Accent on Science [Merrill] :
ey, . : Heath Science .

Holt Elem‘entary Science ’ . . ; .

- Ginn Elementary Science - . R
Examples of Energy-Related Objectives

The student recognizes-that energy can change from one form to

another. ) s, , —_
The student recognizes that energy can be stored.
. ) The stident can name some common fuels, such as gasoline, wood,
N coal, and natuxal gas. ' y
"" The’s.tudent recognizes that fuels are a store of energy. }
’ The student is aware that switches control a flow of electricity,
j and that appliange markings such as "low med high" represent increas- "’
L7 ing levels of énezjgy'consumption. - . §
.The student is aware of how at last one activity related to energy
'. .supply or use contiibutes to air or water pollution, and can describe

one meang of pollution abatement.
The student can read a thermometer.

. . - . [ g ) /
. v
- ’ . . . "

> Examples of Energy Curriculurdiil
S . 17 Community Workers and the Energy They Use
35 Energy and Conservation Education Activities for the Classroom,.
Level 1-3. L
<

° o ~

3
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THIRD GRADE, “
- Examples of WidelyiUsed Texts -
Concepts in Science (Brandwein) - .
Science: Understanding. Your Envitonment ‘(Mallinson)  [Silver Burdett]
New Laidlaw Science Program (Smith}, ! ‘
Heath Science Series (Schneider) ° J ' S - R
* kK - :
. Accent on Science [Merr1]l] , . .

Heath Sgience ‘ ’ ¢ ‘
Holt Elémentary Science ) p ) . i
Ginn Elementary Science . ,2
Exumples of Energy-Related Objectives %3’

The student recognizes that the earth js warmed by sunlight.

The student identifieS some manmade devices that can change .
energy from one form to another. ™" . ) .

The student recognizes- that all life activities involve energy ' .

The student recognizes that plants require lloht energy

* «The studer{t is a@e that ordinary matter is made of atoms . .
which have structure. ' ‘)’
-
- 4 \ s L
. ¢ @
. ol :
. < ¢
\ V ) )
s - . : -
A\ -
» l k) “
-2 .
L ' > )
Examples of Energy Curriculum Materials ‘ ’ I
5 Energy Conservation Activity Packet, Grade 3 ,
128 Energy and Transportation ) "
‘ ) ' ! ) . oe b
- 4

° \1 . . [
.
.
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‘ FOURTH GRADE _ \ PN
14 < ' Examples of Widely-Used Texts . /

Cancepts_in Science (Brandwein) [Harcourt]

Science: Understanding Your Enyironment (Mallinson) [Silver Burdett]
New Laidlaw Science Program (Smith) ‘ : ;

” Today's Basic Science Series (Navarra)
- k% v ) , -
i Adcent on- Science [Me;rr;ill] 7, . ', s . .
Heath Science o . _ _ .
N . Holt Elementary Science ™ - A , :
A : . Ginn Elementary Sciencé * Co
Examples of Energy-Related Objectives \ ’
The student describes the kinetic theory of heat, mentioning
molecular motion® ; ’
/ The student recognizes that materials are @?"used up in natural
’ cygles. . ' )
4 ' .
/ ¢ ¥ 4 * ) .
o \’ -
/ \ - o { { 2
E]
/
J \ « N
( *
* -
-
o L .

. Examples of Energir Curriculum Materials -
- ‘6 Energy Conservation Activity Packet, Grade 4 |
’ 45 Energy and ‘Conservation Education Activities for the Classroom;

- i Level 4-6 .
n T 113 Chemical Energy ° . ©
115 Electrical Energy : A

116 Solar Energy . { . .
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. FIETH GRADE ‘ . )
SR Examples of W ely-Used ‘Texts . t
: .- . C€oncepts In Sclence {Brandwein) [Hdrco : i . _
Science: Understariding Your Envifon nt (Malhnson) [AMver” Burdett] . :
New Laidlaw Science Program-( fnith) . ST,
P ,Today s Basic Sc1ence Serieés - Navarra) ’ .. % ..
MY e L. o 3
Accent on Science [Merrﬂl] o . & % \
Heath Science - oo -
. Holt "Elementary Sc1ence . . ' : )
s Ginn Elementary Scien . \ :
¢ C -
. Examples of Energ/)/Re‘;leated Objectives  * o
” The student describes the relation between force and work. -
The studémt describes the photosynthesis-respiration_ cycle’’ .
. a ’I’he student describes the loss of energy as it is passed along a
food chain. , - .
Ca The student describes how various techmques of residential heat
B control, such as insulation, double-glazing, and storm windows work & e
and describes their relative effectiveness in terms of energy savi ﬁg,s» N
.o, The studént can describe how heat is transferred@y conduct v ¢ .
_+. .~ convection, and radiation.
S ‘ : s )
7 i ’ f )
N . Y] 1
. N\ \ - , r
. )
' L]
e
) ‘! . ; h)

Examples of Energy Curriculum Materials

7 Energy Conservatlon Activity Packet, Grade 5 o -
51° Energy-Environment Bouble-E Eroject, 5-6 h , . : ‘
59 Wind Enkrgy .t ) ' . D )T
113" Chemical Energy ’ o .
4 " 115 Electrjcal Energy ) . Rt
16 Solar Energy .o . . . C
120 Energy Management Center Intermediate Program “ )
~ )
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‘ SIXTH GRADE ’ o , ]
= .
‘ . ". Examples of Widely-Used Texts - 7 N ) .7
Concepts in Science (Brandyv_ein) [Harcourt] ‘ d "
z Science: Understanding Your Environment (Mallinson ‘et al) [Silver p
. - Burdett] g .y . ’ . s
. b New Laidlaw Science Program (Smith) . Lt ¢ .
. E’f*day s Basic "Science Series (Navarra) - ’ T ’72 /X. *
Accent on Sc1ence [Merrlll] ‘ ‘
. . Heath Scjence ‘ . v
Holt Elementary Science ’ T
Ginn Elementary Science ’ . . : .
A : .
v ] Examgles of Energy- -Related Ob]}ect;ves
> . The student can descr\he the role of magnet1sm in the operat1on of
+ electric motors. . - r ¢
. i The student ._can distinguish between power and energy. o
oo " The student re recogmzes that the use of a s1mple machine does not
' ‘alter the total amount of energy used. .
' ( . The student.recognizes that sofhe chemical reactions release
' energy. ’ :
, The student js aware that nuclear reactions involve changes in the :
. /nucleus of atoms.
‘ ' VY ) The student attributes the productxon of light by stars to a’ ’>
‘n\lclear reaction. ) - ‘ -
) C The student can describe the process of radioactive decay. s
- . ‘* The studen’t can describe the use of half-lives to describe rate of
decay.. . *>
* ' " The student can describe the nature and some effects of radiation.

« The s/tHdentscan describe the process'ﬁof nuclear fission. _
The student can describe the role of energy in communications and

, _aataoprocessing'l . ’ v -
« © The student can read an electric meter. . IR ’ [
A 4
Y
- »'," N
- -~
//

v ) N
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* - Examples of Energy Curriculum Matérials .
. Energy Conservatten Activity Packet, Grage 6 ' , ‘
. * 51 Energy-Environment Doub E Project, 5-6 59Wind: Energy * .
) “:% 95 ° Bringirig Enefgy to, the Pebple ' * .
\, 113 Chemical Energy . o ? . et R
: . 115 Electrical Energy v L> - - 4. T .
~+ -+ 116- Solar Energy v R ’ - :
’ 125 Children of the Sun . .
. , 167 Energy, Food, and You A X . ' X . .
0\ g 7-.. o ] . /
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LIFE scieme ( (Tth to 9th grade) S

Example$ of Widely-Used Texts
W . )
"Life: A Biological Sct’nceﬁ Harcourt] .= .o

- Focus on Life Scienck [Mernll] N
Life Science (Richardson) [Sllver Burdett] - o
Addlson-Wesle)\ Life Science. (Barr et al)

* Prentice-Hall Life Science (Webster et al) [Pfen't,lce -Hall]
Holt Life Science (Ramsey, et al) [Holt] -
Interaction of Man and the Biosphere (Abraham et al) [Rand Mcnally)
Explormg the L1v1ng World: Pathways in Life Science [Globe]

o

\ .

Examples of Energy-Related Objectives I Y.
, The student can describe the flow ‘of energy in a community.
The studer).t‘cﬁ‘n describe the flow of energy in the ecosphere.

~

as Lo -~
-
d »
P -
b L]
. . X
1 il - -
~ x) ]
’ t ‘ / - ‘
\ . :\
txamp],es of Energy Curriculum Mate'ials : #
19 Agriculture, Energy and Society N ;
168 Energy, Food, and You \ .
169 Epergy Flows through a Food Chain
¥ ’ 1S
S .
. ¢ '
. } N . p
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PHYSICAL SCZENCE (7th to 9th Grade) -

Examples ofyWidely-Used Texts
(34 T ’

Energy: A Physical Science [Hafcourt]
Focys on Physical Science .[Merrill] .
Physical Science (Sghneidervent) [Silver Burdett] :
Ideas and Investigations in Science (Dolmatz et al) [Prentice-Halll
Holt Physical Science (Ramsey et al) [Holt]

"Modern Physical Science (Tracyh Holt]

Interaction of Matter and Energyf (Abraham et al) [Rand McNally]
Introductoxyhysical Science, {Prentice-Hall]

Prentice-Ha¥ Physicai Science [Prentice-Hall]

— -

Examples of Energy-Related Objectives h .

The student understands measurements of energy consu tiOP (for
example, the wattage of consumer appliancesi, and can conv¢rt
measurements from one system of units to another, and of onfe form of
energy to another. -

The gtudent distinguishes between’;éwer and energy.

The student can calculate the efficiency of an energy conversion.

The student distthguishes between’ potential and kinetic energy. -

ThE student is familiar with an electrical circuit. T

) ’ ¢
a “
§ , - /
{
Examples of En_ergy. Curriculum Materials . )
24 Energy, Engines,,and the Industrial Revolution ~ B
60. Solar Energy . . '
131 Energy. Systems: Present, Future J
150 Activities. Junior High Science ?
159 Energy and Order - )

0 s 1
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v Matter: An Earth Science [Harcourt B_race] e

° ¢ .
» N . -

. kY
EARTH SCIENCE (7th to 10th grade) . - u

‘ Examples of Widely-Uged Texts
Focus on Earth Science:(Bishop et al) [Merril

Modern Earth Science (Ramsey) [Holt]
dokk . . - )

- . - 4

Earth Science (Brown) [Silver Burdett] .

Ideas and Investigations in Earth Science (Berh’ﬁ ein et al) [Prentice-
Hall] ' s . )

Holt Earth -Science (Rarf)sé}‘l) fHolt]

~Interaction of Earth and Time (Abriham) }Rand McNally]

Prentice-Hall Earth Science’ [Preniicer-HaH] )

Exploring the Earth, *Séa and Sky: Pathways in Earth Science /
[ Globe] R 1 :

Y
.t

Examples of Widely-Used Texts’ . ‘. .
. The student can deséribe the manner in which solar energy drives
various natural cycles, including its role in the formation and deposit of

¢

-~

sediments. : , ] -

The studemt can account for. the slow rate of accumulation of fossil
fuels by reference to thé manner.of their formation.

The student recognizes ti#e inevitability of "uncertainties in
estimates of the r'e'sour‘cé‘ba‘se. ) .- )
“ " The student can describe the relation between the price offered
for a resource and t_helre-s;erves available. '

[y
. o
.

Examples of Eneréy Cur\riculum Materials

3 - Energy from Start to Finish (Texas only)

13 Oil Shale: The Reluctant Energy Source ]

39  Qil Refineries: What Do We Get from a Barrel®of Oil? . , .

148 Activities. Earth Science

] .
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- -BIOLOGY (10th through 12th) '
: ; , .-
Examples of Widely-Used Texts ( - .

Modern Biology (Otto) [Holt]

_ Biological, Science: An Ecological Approach (BSCS Green)
Biological Science: An Inquiry ipto Life (BSCS Yellow) [Harcourt]
Biology: Introduction to Life (Nason) [Addison-Wesley]
Biology: Living Systems (Oram) [Merrill] -

- Experiences in Biology (Bauer et al) [Laidlaw]
Macmillan Biology (Creager et al) [Macmillan]
Scott, Foresman Biology [Scott Foresman] ’«
, : . : .
"Examples of Energy-Related Objectives .
" The student describes the.process of photosynthesis in terms of
recycling of miaferials and a chain ®f energy conversions.

The student describes the flow of enérgy through a plant and a

higher animal.
fhe student describes some impacts of human energy use on nat-
dral cycles. ’ - )
The student describes the flow of energy in a community, using ¢
the terms producer, secondary, consumer, and decomposer correctly.
.The student compares the ‘photosyntheti®™efficiency of different
communities. ', Y -t -

7

1
-

Examples of Energy Curriculum Materials
19 Agriculture, Energy and Society
61. Energy Use in Nebraska Agriculture

146 Activities. Biology. ., '
© 168 Energy, Food, and You

169 Energy Flow through a Food Chain . .

x

-
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" CHEMISTRY (10th tRrough 12th grade)

Examples of Widely-Used Texts

Modern Chemistry (Metcalfe) [Holt] ' .
* % .
Chemistry: A Modern Course {Merrill} - . .

Chemistry:- Experimental Foundations [Prentice-Hall]

Examples of Energy-Related Objectives .
The student can trace the role of the element carbon through
energy flows in the economy:

The student can relate the energy requirements for the smelting
and refining of metals to their chemical properties. -
The student can relate trace impurities in various coals to the
environmental effects of burning them. ’
The student can describe the operation of a fuel cell.
The student can apply the laws of thermodynamics to a chemical
{ :

reaction. i
N

N

Examples of Energy Curriculum Materials

62 Gasohol

147 Activities. C‘Eemis-stry, and.Phykics A

e

a <

P o
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PHYSICS (10th through 12th grade)

Examples of’'Widely-Used Texts
College Physics (Schaum) o -
Modern Physics (Williams) ' :

The Project Physics (Rutherford)[Hoe&]
Physics: .Principles and Problems [Meésrill] =

" Most of the physics course of study concerns energy. The
objectives below includes only less-taught items which may have short
rang€ practical implications in improving our energy situation, and N
technological appli‘caﬁpns\. ) o
< _ J § ‘ -

Examples of Energy-Related Objectives '

The student describes the (Carnot cycle.

The student compares various energy sources in terms of available
work . .

The student computes and accounts for the efficiency of various
heating plants. ) '

The student explains differences in the opemation of two types of °
windmill using physical principles. - b

The student uses the gas lays to specify requlrements for a device
to measure fhe energy in a flow of n&tural gas.

The student designs a solar collector, predicts its perfogmance, ‘ ’
builds the collector and compares performance against predication. .r ' 4

L
) ’ N » .
1
/.
Examples of Energy Curriculum Materials . .
9,32,37,55,99,104,109,171 ‘Modules from the American Association of
. Physics Teachers "Issue-Oriented" series. Consider only for
gifted and advanced placement )
147 Activities. Chemistry. and Physics o . - ;
159 Energy and _Order, .
170 Physical Laws*of Electric Power Generation
t - .
/ - -
- L3 »

(N
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Sfaecial Learners-

In addition to being correlated tq existing curricula, energy edu-
cation must be matched to students' ‘needs. To achieve this, local
adaptation is ‘required, as it is for any subject.‘*‘lo single program of
energy education can be optimal, unadapted, for all students in a
country as diverse as the United States. Ordinarily, the necessary
adaptation, is the responsibility of local curriculum specialists and class-

L3

roofn teachers. .
. .
However, for some groups of learners adaptation at the national or

régional level might be more sensible. These are the students whose
special problems, such as blindness, make the pse of most materials
unsatisfactory. Though such groups are only a”small fraction of the
_student population in an} one school district, the number of individuals
in the nation as a whole is considerable. ) .

Such groups include the visually and hearing impaired. An excell-
ent example of .whafican be done to make energy education accessible to
such students is the material developed by the Science  Activities for
the Visually Impajred program at the Lawrence Hall of Science, Berk-
eley, California (ref 141). C '

A second group requiring specidl attentidbn in the devélopment of
programs are the educableymentally retarded. An example of materials.
for this group.would be the Energy and You unit from the Topeka, KS

Public Schools (Kellogg, ref-89).
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1, CURRICULUM MATERIALS

This section lists publications written for the classroom teacher .
that describe units, lessons, or activities intended for classrobm use,
as well as textbooks.

The energy data used in some of these publications is out of datk,
but the educatlonal design may still be of interest to curriculum
specialists,

The materials listed vary gre/a/ly in qualit® and disinterestedness.
There, is no escaping -the need for the cum'icu?:m specialist to acquire a
background in the subject matter prior to.making recommendations for
adoption§. .

b'd

7/

1. Alabama Power Company. No date. Energy: A Multimedia Kit for

Teachers. 116pp, of which 53 are spirit masters. Intended for grades
K-3. . SN

/. . .
2., Allen, Rodney ¥. and David E. LaHart, ,editors. 1977. SamEle
Energy Conservation Education Activities for, Elementary School Stu-

dents. Tallahassee, FL: Florida State University. Prepared In cooper-
atlon with the Palm Beach:County Board of Public Instruction. ERIC
order number/ED 147 217. 59pp. Intended for grades K-6.

3, Andersgn, Jay Earl Jr. 1977. Energy Resources of Texas Cuyrric-
ulum Materials. Unit One: Energy from Start to Finish. Austin, TX:
Bureau gf Economic Gvogy, University of Texas at Austin. 130pp.

- b
4, akké, Ruth, coordinator. 1977. Energy Conservation Activity

Packet, K-2. Des Moines, IA: Iowa Energy Policy Council. $2.00
Pr duced by the Iowa Ene(gy Policy Coungil "in cooperation with the
Zzwa Department of Public Instruction. 55pp plus 3 posters and a 20pp
eacher's bibliography. Intended for grades K-2. This series (see the
following four entries) has been widely adapted and reissued by other
states.

5. ,Bakke, Ruth, coordinator. 1977(?).§-Energy Conservation Activity

Packet/ Grade 3. Des Mgines, IA: lowa.Energy Policy Council. $Z2.50 -

See @bove. 53pp plus 20pp teacher's bibliography.

»

6. Bakke, Ruth, coordinator. 1977(2). cEnergy Conservatlon Activity

Packet, Grade 4. Des Moines, IA: Iowa Energy Policy Council. $2.50

See above. 67pp plus 7pp’ blbllography for grades 4-6° plus 20pp
teacher's bibliography. ' .

7. Bakke, Ruth, coordinator. 1977(?). Energy Conservation Activity
Packet, Grade 5. Des Moines, IA: lowa Energy *Policy Council. $2.50

See above. 56pp plus 7pp bibliography for grades 4-6 plus 20pp
teacher's- bibliography. .

LR

[

o
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8. Bakke; Ruth, coordinator. 1977(?). Energy Conservation Activity

Packet, Grade 6. Des Moines, .IA: Iowa Energy Policy Council. $2.50

See above. 63pp Rplus 7pp bibliography for grades 4-6 plus 20pp
"~ teacher's bibliography. , . )

9, Bason, Frank C. 1981. Energy and Solar Heating (draft). Stony

Brook, NY: American Association of Physics Teachers. One of the /
"Issue-Oriented Modules" coordinated by the AAPT. 58pp. Intended- '

for college undergrafuates, put could be used with a gifted twelfth’

grade physics studert. : . '

10. Battelle Center for Improved Eduga'tion in cooperation with the \
Ohio Dept. of Energy. 1975. ‘Energy. A Teacher's Introduction to
Energy and Energy Conservation, Elementary Edition. Columbus, OH:

§ Ohio Department of Education. 86pp. Intended for grades 576. v

11. Battelle Center for Improved Education in cooperation with, the

Ohio Dept. of Energy, 1975. Energy. A Teacher's Introduction to

Energy and Energy Conservation, Secondary Edition. Columbus, OH: )
f Ohio Department of Education. 90pp. Intended for grades 7-12. .

12. Beckenhauer, Don. 1980. "Economics and Energy." From Basic
Teaching Units (BTU'S) on Energy, volume 1, Gary A. Lay and Donald .
McCurdy, editors. Lincoln, NE: Nebraska Energy Office. 18pp. ’
Intended for grades 11 & 12, economics.

13. Bennett, Shelby C., Robert A. Eichenberger & John R. McNetlly.
1980. "Oil Shale: The Reluctant Energy Source." From Basic Teaching
Units (BTU's) on Energy, volume 3. Lincoln, NE: Nebraska Energy
Office. 31pp. Intended for grades 9-12, science.

,14. ‘Bernoff, Robert and Joshua Bernoff. No date.” Energy in Qur.
Society. Philadelphia, PA: Philadelphia Electric Com]i;any. Intended for
grades 9-12. .

15, éi lan, Barbara. 1979.° Ener Generation: Sources and Conse-
. g B8Y -

quences.  Pittsburgh, PA: Univergity of Pittsburgh. Curriculum
Module I of the Urban Environmental Education Project. Mimeographed.

16. Biologjcal Sciences Curriculum Study. 1977. Energy and Society.
Investigatigns in Decision Making. Northbrook, IL: Hubbard. 115pp
student tekt; 35mm slides; 7 photo study cards; 8mm film loop; "Energy
Game." ‘Intended for grades 11 & 12.

17. Bloch, Lenore, Chais Hatch, Olivia Swinton, et al.\ 1977. Commu- .
nity Workers and the Energy They Use. EDM-1030. Oak Ridge, TN:
DOE Technical Information, Céhter. A Project for an Energy-Enriched
Curriculum unit. 80pp. Intended for grade 2. . NI

18. Bowman, Mary Lynne and Herbert L. Coon. 1978, Recycling
Activities for the Classroom. Columbus, OH: ERIC Information and -
Analysis Center for Science, Mathematics, and Environmental Education.
$4.95, ERIC order number ED 159 075.

N 1 A s
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19. Bf'ockn, Phyllis, John Day, Gloria Hill, Andrew ‘Pogan, et al.
] Revised by Emmet Wright -and - Robert Snyder. 1978. Agriculture,
. Energy, and Society. EDM-1034. Oak +Ridge,” TN: DOE Technical

Informatiop Centex, A Prpject for an 'Energy-Enriched Curriculum unit.

59pp teacher's manual pfus 48pp student guide. Intended féor grades
- 10-12. _— , °
ot 7 :

20, Brown, Evelyn, Arthur Goldman, Bette Johnson, et al. 1979.."
Energy Transitions in United States History. HCP/U .3841-0004. ., Oak

.o Ridge, TN: DOE Technical. Information Center. A Project for an
.o . Energy-Enriched Curriculum unit.” 60pp ,teacher's manual plus 57pp
LN student guide. Intended for grades 8 & 9.
)

21. Brown, Evelyn, John Day, Arthur Goldman, Kenneth P. Weeden et

al. 1978. Energy in the Global Marketplace.' HCP/U 3941-0007. Oak

, - Ridge, TN: 'DOE Technical Information Center. A Project for an

' Energy-Enriched Curriculum unit. 39pp teacher's manual plus 1lpp
student guide. In'tended for grades 9-11.

22. Brown, Evelyn, Lois Lutd, Charles Durr, et al. 1978. ‘Math-

. . ematics in Energy. H®/U 3841-02. OQak Ridge, TN: DOE Technical
. Information Center. A Project for an Energy-EnricRed Curriculum unit.
54pp teacher's manual plus 56pp student guide. Intended for grades 8
& 9. . , *
. .
‘ 23. Chevron USA. No date. Energy Learning Cenfer. San Francisco,

CA: Chevron USA. Intended,for grade ©.
A} ' r
. 24. ms, Barbara, Arthur Goldman, Bette Johnson, Leon Scipio, et
P al. 1977. Energy, Engines, and the Industrial Revolution. EDM-1032.
Oak Ridge, TN: DOE Technical Information Center. A Project for an
Energy-Enriched Curriculum sunit. . 37pp teacher's manual plus 4lpp
student guide. Intended for grades 8-& 9. '

v, 25. Childs, Barbara, Arthur ‘Goldman, Bette Johnson, Leon Scipio, et

al. 1977. Transportation and the City. EDM-1031. Oak Ridge, TN:

. DOE Technical Information Center. A Project for an Energy-Enriched

Curriculum unit. 23pp teacher's manual and 19pp student guide.
Intended for grades 8 & 9. ~ )

. v v ) -+ -
26. Christensen, John W. 1981, Energy, Resources, and Environ-
ment.” Dubuque, yA: Kendall/Hunt. $12.95. 256pp. Intended for
- ' . senior high and college. ) . -
> N N i

-

Y )
27. Christensen, John W., Robert Snyder, John Dayﬁ. Kenneth P.
Weeden et al. 1980, U.S. Energy Policy: Which Direction?
DOE/CA/3841-T1, Oak Ridge, IN:§DOE Technical Information Center.

A Project, for an Energy-Enriched Curriculum unit. " 6lpp teacher's-~
manual plug 134pp student guide. Intended for grades 11 & 12.
.. SN . /

N

s
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=
,
.
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28. - Communications and Education Group, division of the Mazer

Corporation. pmergy Adventure. Chicago, IL:" Amoco Educational

b4

Services. A program ol the Energy Education Division, Oak Ridge

Associated Universities. 28pp teacher's manual plus 7 spirit masters,
10pp of 'exhibits;' and a, 4pp s&lpplement on energy and -economics.

29. Coon, Pi:veéx;geft%‘L. and Michaele Y. Alexander, editors. 1_976;
Energy Inve§figations fo¥ the Classroom. Columbus, OH: ERIC Inform-

ation f??alysis Center for Science, Mathematics, and Environmental’

Educatidn. ERIC order number ED 130 833 (2 fiche). 148pp.

- , )
30.' Coon, Herbert L. and Mary Bowman. 1978. Energy Actjvities for

the Classroom: Volume . .Columbus, OH: ERIC Information Analysis
Center for Science, Mathematics, .and Environmental Education. $3.00.
ERIC order number ED 173 072 (2 fiche). 165pp.

e
-~

31. Davis, W. Douglas. 1975.) Solar Energy Laboratory ' Program.
96pp manual plus 48pp, teacher's guide. - '

¢ ' '
32. Davitian, Harry. 1981. Windpower (draft). Stony Brook, NY:
American Association of Physics Teachers. One of the "Issue-Oriented
Modules" coordinated by the ‘AAPT. 6lpp. Intended for college

Y

undergraduates, but could be used with" a gifted twelfth grade physics
student. e

33, Day, John, Kenneth P. Weeden, et al. 19797 Western Coal: Boom

or Bust? HCP/U 3841-10, Oak R{dge, TN: DOE Technical Information
Center. A" Project for an Energy-Enriched Curriculum urit. 36pp
teacher's manual plus'34pp student guide. Intended for grades 9-11,

34, Departmen.t of# Energy, Mines, and Resources (Canada). 1979.
Energy Management for the Future. Ottawa, Ontario: Office of Energy

-Conservation.

»
4

35. Department of Industrial Education, Tex A & M University.
1977. . ENCORE: Energy Conservation Resources {or Education.
College Station, TX: Texas A & M University. ERIC order number ED

36, Dille, Nancy, editor. 1978. Teaching about Energy Awareness:

33 Activities. Denver, CO: Center for. Teaching International Rela-

tions. §12_.§5. 168pp. Intended for grades-5-12. N

37." Duff, G.F.D. 1982. Energy From Tides. Stony Brook, NY:
American Association of Physics Teachers. One of the "Issue-Oriented
Modules" . coordinated by the AAPT.  1Intended for college undergrad-
uates, but could be used with a gifted Nelfth-grade physics student.

38. 'EDU/PR. 1978. Your Energy World, Energy Overview, Unit One.

. Washington, DC: U.S. Department of Energy. 60 spirit masters. See

U.S. Dep+. of Energy for 3 additional units in this series. Intended
for grades 4-6. -
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. 39. Emry, Ré.'ndy. 1980. "0Qil ‘Refin.eries: What * Do We Get . from.a
. Barrél of Oil2" From Basic Teaching Units (BTU's) on Energy, volume
Y 3. Lincoln, NE: Nebraska Energy Office. 12pp. Intended for grades
*9-12 scjence. i, ) ' ’

z R

v . \

40, Energex Energy’ Education Programs. ,1981. Energy in American
History. Lakewood, CA: Energex. E%Lgngy__'Education,ABrogra'ms,f,bépp
.« . . student booklet plus 3bpﬁr§é’§q‘h’é?rgﬁguide.‘f{ntended for grade 8.
: .-, S SR N -

41, ,‘Eﬁergex',jnergy ,,Educé—tion;ﬁf6§§é?§.*417)"7787.‘ Power Quiz. Lake-
. ) wood,”, CA: Energex Energy Education Programs. 36pp student booklet
-~ plus 38pp teacher's guide. Intended' for grade 5. -

42, Energex €€£nexgy Education Progftams. 1978. @aptain Power.
.+ Lakewood, CA: Energex Energy Education Programs. 9pp -of student
materials plus 38pp teacher's guide. Intended for grade 2. .

v

¢
. 43. Energex Energy Educdtion Programs. 1981. Energy Crunch.
Lakewood, CA: Energex Energy Educa&Zm Progiams. _5lpp student
booklet plus 45pp teacher's guide. Intended for grade 8 science.
44, Energy and Man's Environment. 1977. Energy and Conservation
Education Activities for the Classroom. Level 1-3.- Portland, OR:
Energy and Man's Environment. -$24.00. Intended for grades 1-3.°

Education Activities for the Classroom. - Level 4-6. Portland, OR:
Energy and Man's Environment. $24.00. Intended for grades 4-6.

‘ - 45, Energy and Man's Environment. 1977. Energy and Conservation

N

46 Energy and Man's Environment. 19.:77. Energy and Conservation

-~

-y

«wn Education Activities for the Classroom. ,Level -7-9.  Portland, OR:

. Energy and Man's Environment. $24.00. ,/’ﬁ‘ltended for grades 7-9.
. . : : _ i . )
47, Energy and Man's Environment.--1977. . Energy and Conservation

Education Activities foF the Classroom. Level- 10-12. Portland, OR: '~

. Energy and. Man's Environment. $24.00. Intended for grades 10-12.
N 48. Energy Educatign Curriculum Project. 1980« .An Enexrgy Curric-
ulum .for the Middle Grades. Unit I: Energy and World Cultures.

Trdianapolis, IN: Indiana Energy Group, Dept. of Commerce; and
. Division of Curriculum, Dept. of Public Instruction. ERIC otder num-
ber ED 185 554. 229pp. Intended for-grades 6-8.

- 49, Energy Education Curriculum Project. 1980. An Energy Curric-

ulum for the Middle Grades. Unit II: Energy and American History%
Indianapolis, IN: Indiana Energy Group, Dept. of Commerce; and

. Division of Curriculum, Dept. of Public Instruction. ERIC order num-
ber ED 187 555. 174pp.‘ Intended for grades 6-8. .

50. Energy 80. 1981. Energz. 80. Los Avngeles‘, CA: Enterprise for
Education.  32pp student booklet plus 384pp teacher's manual.
Intended for grades 7-9. ’

’:l ‘, = »
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51. Energy-Environment'Dbuble E Project. 1980 (revision). Energz-
Schools.,

Environment’ Double E Project, 5-6. Tulsa, OK: Tulsa Public
254ph' Intended for gradgs 5 & 6.

52. Energy-Envix:pnment Double E Project. 1980. Energy-Environment

Double E- Project, 7-9.  Tulsa, OK: Tulsa Public Schools.  256pp.
Tntended for grades 7-9. .

Environment Double E Project, 10-12% Tulsa, OK: Tulsa Public Schools.

- %5%p. Intended for grades 10-12.° /

w

e T

! « ‘ .
54, Filiu, Tom and Lisa Lively. The. Best bof Energy Book. Volumes I

N\ .

<+ ¢53. _ Energy-Environment Double E Project. 1981 (revision). Energy-

and II. Cleveland, OH: Modern Curriculum- Press. <Compiled by the
Colorado State University Extension Service in cooperation with the
Denver Public Schools. Each b¥sk $8.65. Volume I, 135pp, intended
for grades 1‘:3; volume II, 160pp, inte/éed for grades 4-6.} )

-,

55, 'Fillo, J.A. 1981. | Introductio@o Nuclear Fusion Power and the

.Desigh of [Fusion Reactors ‘(draft). \Stony Brook, NY: Twmerican
Association of Physics Teachers. One of the' "Issue-Oriented Modules"
coordinated by the AAPT. 54pp. \Intended for college undergraduates,
but could be used with a gifted twdlfth grade physics student. -

-

56. Frank, Helmut J., John J. Schanz, Jr., and John S. Morton.
1976. The Economics>of the Energy Problem. New York, NY: Joint
- Council on Econearfc Education. 20pp. ..

57, Freiberg, Jerry L. 1980. "Solar Energy Use in Food Preparation
and Preservation. From Basic Teaching Units (BTU's) on Energy,
volume 2. Lincoln, NE: Nebraska® Energy Office. 50pp. Intended for
7-12 social studiés, home economics, and science. —

S

58, Gandy, Sharon S. No date. The Energy Crisis. Fort Myers,
FL: Lee County Environmental-Education Program. 20pp.’ .

~

%59. Gould, Mauri, director. .No date. Wind Energy. DOE/IR“0037.
ak Ridge, TN: DOE Technical Imformation fenter.

Scietide_and Energy. 26pp. —

60. Gould,?Mauri, director. No dd¥e. Solar Energ
Dak. Ridge, TN: DOE Technical Information n'ter. Part of the "Sci-
ence Activities in Energy Series" devgloped

By the American' Musuem of

Science and: .Industryw 12 activities on separate sheets of paper.

Intérided for‘,grades 7-12. |

61. ~ Gray, Darrol, Dennis Gray, and Jerry Beach. 19&0.‘ "Enetgy
Uses in Nebraska Agriculture." From Basic Teaching Units (BTU's) on
-Ene}gz, volutne 1, Gary A. Lay and Donald McCurdy, editors. Lincoln,

NE: Nebraska Energy Office. 40pp. Intended for grades 9-12, social ™,
- studies, scigace, and vocational agriculture.

»
’

1 LR !
» B
.

r. - One of ’glgé "Sci- .
ence Activities in Epergy Series" developed at the Ameri;:an Museum for -

II. EDM-1054.
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62. Haase, Don, R. Stephan Skinner, and Ronald G. Cramptoﬁ. 1980,
"Gasohol." From Basic Teaching Units (BTU's) on Energy, volume 1,
Gary A Lay and Donald McCurdy, editors. Lincoln, NE: Nebraska
Energy Office. 58pp. For laboratory supplement, see Kinzer, Edward.
Intended for .grades 7-12, chemistry or biology. - - -

. o
63. Hahn, Ruwth. 1980. "The Mistory of United States Energy."
From Basic Teachihg Units (BTU's) on Energy, volume 2. Lincoln, NE: ’/
Nebraska Energy Office. 23pp. Intended for K-12. .

=

64. Hahn, Ruth. 1980. "The National Energya Policy." From Basic
Teaching Units (BTU's) on Energy, volume 2. Lincoln, NE: Nebraska
Energy Office. 40pp. Intended for grades 9-12, social sgudies.

* 65. Hahn, Ruth, and Robert Harper. 1980. "Fueling Around Could
‘Be Hazarﬁous to your Health." From Basic Teaching Units (BTU's) on
Energy, volume 1; Gary A. La and Donald McCurdy, editors. Linc-
oln, NE:"Nebraska Energy Offic& 25pp. Intended for grades 7-12.

. X
66. Harder, Alma Jean and Carolyn Clatk Newsom. 1975. The Energy °
Situation. A Two-Week. Self-Contained Unit for the Secondary School. ’
Dover, DE: Del Mod System. ERIC order number ED 119 992, -Intend-
ed for grades 7-12. : ’

. 67. Heimley, Charles H. and Jack Pxice. 1977. Electrical and Nuclear
Energy (Focus on Science Series)? v Columbus, OH: Charles E. Merrill
. Publishing Co.

L]

68. Hirschmann, Rich and Frances Réhrich. 1980. "The U.S. and
OPEC: Where Do We Go from Here?" From Basic Teaching Units
+ (BTU's) "on Energy, volume 3. Lincoln, NE: Nebraska™ Energy Office.
31pp. Intended for grades 8-9, gocial science. : s

69.{1mnt. 11980, Thermodynamic Efficiencies and Thermal
Pollfftion (draft). Stony Brook, NY: American Association of Physics
Teachers. One of the "Issue-Oriented Modules" coordinated by the
AAPT. 34pp. Intended for college undergraduates, but could be used,
with a gifted twelfth grade physics student. ’

L]

70. H<'>rvitz, Cathy. 1979. Ener e'tics. Davis, CA: Soft Aware
‘Associates, Inc. $15.95. Game and workbook. Intended for grade 2

- Up. - 2" ude

) .
71. Hughes, Judi. No date. The Energy Crisis, the Dictionary as a
Resource. Fort Myers, FL: ~Lee County Environmental Educatien

Program. ‘ -
72. lllinois State Office of Education. 1977. Environmental Educa(ﬁoRL

Values for the Future: Energy. Grades 6-8. ~Springfield, IL: Illinois\"
State Office of Education. ERIC order number ED 149 .987. 47pp.

73, Tllineic State Office of Education. 1977. Environn¥htal Education,
Values for the Future: Energy. Grades 9-12. Springfield, IL: Illinois
Ttate Office of Education. ERIC order number 149 994. 58pp.
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74. Individualized Science® Instructional System (ISIS). 1977. House-
power. Lexington, MA: Ginn-and Company.

~75. Individualized Science Instructional System YISIS). 1977, October
‘(draft). Sharing the Earth. Lexington, MA: Gifin, and Company.

76. Innovative Communications. 1979. Aunt\ Energina's Almanac and

* Book @f Fun. Walnut Creek, CA: Innovativq Communications. lopp

student booklet plus 48pp teacher's guide. Also available in Spanish
(1980) with additional 16pp teacher's guide supplement. Teacher train-
ing tape also available. Intended for grades 3 & 4.

77. Innovative Communications. 1981. Electric Gnus Special Energy
Issue. Walnut Creek, CA: Innovative Communications. 1lbpp student
booklet plus 48pp teacher's guide. Teacher training tape also available.
Intended for grades 7-9. '

~

78. Innovative Communications. 1981. Magic Quiz. Walnut Creek,
CA: Innovative Communications. 32pp teacher booklet which includes
reproducible activity sheets. Intended for grades 4-6.

79. Innovative Communications. ' 1981. What Makes Things Go? .Waldut
Creek, CA: Innovative Communiecations. Coloring sheets and dccompa-
nying 70 frame filmstrip. Intendefl for grades K-2.

80. Innovative Communications. 1981. Politics of Energy. Walnut
Creek, CA: Innovative Communications. Kit, use of Apple computer
optiorfal.®™ Intended for grades 9-12, government. :

~

81. Innovative Corpmunicatibns. 1982. Aunt Energina's Poster and
Poster Pad activity Sheets. Walnut Creek, CA: Innovative Q?mmunica-
tions. Intended for grades 1-6.

82. Innovative® Communications. 1982, Golden Moments in Radio.
Walnut Creek, CA: Innovative Communications: T\worksheets plus

tape cassette. Intended for grades 7-9.

e

83. Iowa State Department of Public Instruction. 1374. Energy Mat-
erials.  Des Moines, IA: State Department of Public Instruction. R

order number ED 121 569. 127pp. J

84, "Jamason, Barry W., director. No date. Living Within our Means:
Enefgy and Scarcity, Environmental Education Instructional Activities
K-6. Albany, NY: State Department of Education. 86pp. Specific
grade levels are suggested for each activity. -~

‘85, Jamason, Barry W., dirctor. No date. Living Within Our Means:

Energy and Scarcity. Environmental Education Instructional Activities
7-12. Albany, NY: State Department of Education. 106pp.. Specific
e . . .

grade levels and subject areas are suggested for each activity.

86. Johnson, Bette, Olivia Swinton, et al. 1978. Nétworks: How
Energy Links People, Goods, and Services. HCP/U 394I-0005. Oak

- Ridge, IN; DOE Technical Information Center. A Project for an
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Eipei"g_y-Enriched Curriculum unit. 6bpp teacher's manual plus 32pp
student gujde. Intended for grades 4 & 5. .

, ‘ . .
87. Johnson, Boh, Paul Fletcher 4nd Phil Frank. 1980. The Adven-

tures of Aunt Energina and Her Energy Agents. Walnut Creek, CA: .
Innovative Communications. J2pp student booklet plus 48pp teacher's
guide. Teacher training tape Mso available. Intended for grades 4-6.

.n

88. Jorgensen; Eric, Trout Black, and Mary Hallesy. 1978. Manure.’

" to.Meadow to Milksheke. Los Altos Hills, CA: Hidden Villa Environ-

mental Project. $%4.95. 130pp: Intended for grades K-6.
89. Kellog, C.L..., ‘Thad Whiteaker, Don Coffey, and Barbara Stanley.
No *date. Energy and You. Topeka, KS: Topeka Public Schools.
Inténded for the.educable mentally retarded in grades 7-9. X

s

90, Kennedy, Dianhe J. 1980. "Coal: Fuel of the Past, RHope of the
Future.' From Basic Teaching Units (BTU's) on Energy, volume 2.
Lincoln, NE: Nebraska Energy Office. 4¢Zpp. Intend{ed for grages
9-12, science or social stuydies.

‘91, Kentucky State Department -of Education. 1978. Energy Conserv-

ation Activities,for the Classroom K-12. Frankfort, KY: * State Depart-
ment of Educaition.  Produced in cooperation with the Kentucky Depart-
ment of Energy. ERIC order number ED 161 727 (3 fiche). 244pp.
Intended for grades K-12. - ’ ¥

92. Kinzer, ¥Xdward. 1980. kﬁasohol Supplement (A Laboratory
Experiment)." * Rrom Basic Teaching Units (BTU's) on Energy, volume
3, -Lincoln, NE: Nebraska Energy Office. -9pp. '

93.¢ Lanfpert, Seymour, Kathleen?M. Wulf, and Gilbert Yanow. 1979.
A Solar Energy Curriculum for Elementary Schools. Pasadena, CA: Jet
Propulsion Laboratory and Univ." of Southern California. 332pp.
Intended for grades K-6.

94. Lehigh Energy Education Adyisory Council. 1981. Energy Con-
servation in out Homes -- or, How I'm Going to Help Save knergy by
Starting with Me. Allentown, PA: Pennsylvania Power and Light Co.
Intended for grade 5. )

95, Lendsey, 'Jacquelyn L., Bétte Johnson, Oliv}a Swinton, et al.
1978. Bringing, Energy to the People: Ghana and the U.S. HCP/U
3841-0006. Oak Ridge, TN: DOQE Technical Information Center. A
Project for an Energy-Enriched Curriculum unit. 29pp téacher's manual
plus 20pp student guide. ‘Intended for grades 6 & 7.
. e : ,
96. Lendsey, Jatqueline L., Arthur Goldman, Chris Hatchy et al.
1979. Two Energy Gulfs. HCP/U 3941-03. ~Oak Ridge, TN: DOE

]

‘Technical Information Center. A Project for an Energy-Enriched Cur~"

riculum unit. 47pp teacher's {manual plus 44p student guide.
Intended, for grades 6 & 7.

""!l
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97. Leonard, Kenneth E., Robert Reinke, Donald Wentworth, George
Whitney, and Jonathan C. Deming. 1980 revision. Energy Trade-offs
in the Marketplace. Seattle, WA: Washington State Council on Economic
Education & Washington Supt. of Public Instruction Office. 159pp.

98. ~ Levine, Melvin M. 1981 Qan draft). Fission Reactors. Stony
Brook, NY: American Association of Physics Teachers. One of the
n13sue-Oriented Modules" coordinated by the AAPT. 4lpp. Intended
for\college undergraduates,; but could be used with a gifted twelfth
grade physics-student., -

~

- 99" Lindenfeld, Peter. 1980, Radioactive Radiations and their Bio-
logical Effects (draft).+ Stony Brook, NY: American AssociationV of

Physics Teachers. One of the "Issue-Oriented Modules" coordinated

by the AAPT. 58pp, plus a 26pp supplement "A Summary of Some
Properties of Nuclei, Nuclear Radiation, and Reactors." . Intended for
college undergraduates, but could be used with a gifted twelfth grade
physics student.

- {

100. Linder, Richard. 1980. "Petroleum in an Age of Scarcity."
From Basic Teachirig Units (BTU's) on Energy, volume 1, Gary A. Lay
and DonaldWcCurdy, ‘editors. Lincoln, NE: Nebraska Energy Office.

101. Martin, R. Doug. 1980. "Energy from the Atom." From Basie
Teaching Units (BTU's) on Energy, volume 2. Lincoln, NE: Nebraska
Energy Office. 25pp. Intended .[for grades 9-12 science or social

studies.

102. Masonbrink, John, R. Doug Martin, and Robert Starr. 1980.
"Energy Conservation .in the Home." From Basic Teaching Units
(BTU's) on Energy, volume 1, Gary A. Lay .and Donald McCurdy,
oditors. Lincoln, NE: Nebraska Eneftgy Office. 43pp. Intended for
grades 7-12 science or social science. =

103,  McGill, Patrick.. "Future Energy Technologies." From Basic
Teaching Units (BTU's) on Energy, volyme 1;~Gary A. Lay and Donald
McCurdy, editors. Lincoln, NE: Nebraska Energy Office. 30pp.

104. McDaniels,. David K+ 1982. Solar Thermal Electricity. One-of
the "Issue-Oriented Modules" coordinated by the AAPT, Intended for
college undergraduates, but could be used with a gifted twelfth grade
. physics student. T . ‘

105, *Mélcher, Joan, 1980. Con\nections. Butie, MT: Nationai Center
for - Appropriate Technology. $6.00. Intended for grades 5 & 6. -

106. Minnesota State Energy Agency. 1977. Ehergy Activities for
Junior High Social’ Studies. St Paul, MN: Minnesota ‘State Energy
Agency. ERIC -order number ED 151 297. Intended for grades 7-9
social studies.

.107. " "National Goordinating Center for Curriculum Development. 1978.
‘Electrical Energy Use in the Home. Revised Draft. Stony Brook, NY:

¢ . ) »
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. State University of New York.  69pp teacher's guide plus 36pp student
materials. ) . ,

108. Nelson, Greg E._.1980. "Hydroelectric Pbwer: Energy from

Falling Water." From Basic Teaching Units (BTU's) on Energy, volume

- 3, Lincoln, NE: Nebraska Energy Office., 25pp. Intended for grades

j-lZ, social studies. "'\)

]

109. Nguyen, V. Thanh. 1979." Geothermal Energy: Resource and
Utilization (draft). Stony Brook, NY: American Association of Physics

> Teachers. One of the "Issue-Oriented Modules" ,coordinated by the
P AAPT. 44pp. Intended for college undergraduates, but could be used

with a gifted twelfth grade physics student. ¢ :
110. Nickish, Marge Hill. 1981. Energy: Nebraska Home Economics
Energy Management Guide. Lincoln, NE: Nebraska Energy Management
Office. %12.00. Intended for grades 7-12 home economics.

111. North Dakota Department of Public Instruction. 1977(?). Driver
' Education Energy Conservation Curriculum. Bismarck, ND: Department
. of Public Instruction.

i 112. Nous, Albert P. 1979. Energy Conservation: What Are the
" Options?  Pittsburgh, PA: - University of Pittsburgh. Curriculum
Module II of the Urban Environmental Educa@ Project.

’ 113. Oak Ridge Associated Universities. 1977. Chemical Energy.
EDM-1854, —Oak:Ridge, TN: DOE Technical Information Center. Part of
the "Science Activities in Energy Series." Developed with the assist-
ance of the Lawrence Hall of Science, U.C. Berkeley. 15 activities,
’ each ona separate sheet of paper. Intended for grades 4-6.

114, Oak Ridge Associated Universities. 1978. Conservation. Oak
Ridge, TN: DOE Technical Information Center. Part of the "Science

- Activities in Energy Series." Developed with the assistance of the
Lawrence Hall of Science, U.C. Berkeley. 14 activities, each on a
separate sheet of paper. Intended for grades 4-6,

115. Oak Ridge - Associated Universities. 1977. Electrical Energy.
Oak Ridge, TN: DOE Technical Information Center. Part of the "Sci-
ence Activities in Energy SeriesT Developed with the assistance of the
Lawrence Hall of Science, U.C. Berkeley. 16 activities, each on a
separate sheet of paper. Intended for grades 4-6, ‘

116. Oak FKidge Associated Universities. No date. Solar Energy.
EDM-837. Oak Ridge, TN: DOE, Technical Information Center. Part of
the "Science, Activities in Energy series, this one. developed with the
assistance of the Lawrence Hall of Science, Berkeley. See also Gould,
‘ Mauri. .12 activities, each on a separate sheet of paper. Intended for

grades 4-6.
‘ 117. Oklahoma State Department of Education. 1977. .Oklahoma Energy ~ -
. Awareness Education, Energy Education Activities, Grades K-3. -
© | 12‘-’ .
’ A
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Oklahoma City, OK: Oklahoma State Department of _Education. ERIC
order number ED 153 819. 176pp. ' *+ ] -

118, Oklahoma State Department of Education. 1977. Oklaho&nergy

Awareness Education, Energy Education Activities, Grades 4-12.  Okla-
homa City, OK: Oklahoma State Department of Education. ERIC order
number ED 153 820. 220pp.

119. Oxenhorn, John M. 1979. Energy and Our Future. New Yc;rk,

NY: Globe Book Co. 224pp plus t%acher‘s guide. Intended for grades
9-12.

- ' ' . /

120. Pasco County Schools Energy Management Center. 1976. Energy
Management Centexr Intermediate Program. Port ' Richey, FL: Pasco
County Schools Energy Managemént -Center. ‘Consists of three basic
publications, "Let's Learn about 'Energy," 54pp; ".Nag.\re‘s Energy,"
63pp; and "Man and Energy," 52pp, each $0.90, with Teachers manual
($8.25) and ancillary material. For related teacher training material,
see under this author in ‘the Inservice section. Intended for grades
4-6.
\

A
121. Pennsylvania Department#of Education. 1975. The Environmental

Impact of Electrical Power Generation: Nuclear and Fossil. Washington,
DC: U.S. Gov't Printing Office. 2é6pp text {ERDA-67), $3.05; 20pp
teacher's manual (ERDA-70), $1.20.

122. Pennsylvania Department of Education. 1977. Pennsylvania's

Energy Curriculum for the Middle Grades. Harrisburg, PA: Pennsyl-

vania Department of Education. Intended for grades 6-9.

123. Peterson, Gaylord. 1980. "No Energy." From Basic Teaching
Units (BTU's) on Energy, volume 1, .Gary A. Lay and Donald McCurdy,
edifors. Lincoln, NE: Nebraska Energy Office. 24pp. ¢ Intended for
grades 8 & 9. .

4

124, Philadelphia Electric Company and the Pennsylvania Energy Edu-
cation Advisor, ouncil. No date. Our World of Energy: An Interdis-
ciplinary Curritu Program for Elementary Schools. Philadelphia, PA:
Philadelphia Electric Company. Intended for grades K-6.

125. Philbin,” Janis. 1978(?). Children of .the Sun. An Activities
Guide on Solar Energy. Seattle, WA! Washington State Office ot
Fovironmental Education. 5lpp. Intended for grades 5-12.

126. Pierce, Susan D., Richard W. Lovrien, Nikki J. Scott, Patty
Kondo, Dianne J. Kennedy, and Geri J. Imel. 1980. "Energy: Yester-
day, Today, and Tomorrow. An Interdisciplinary Approach." From
Basic Teaching Units (BTU's) on Energy, volume 1, Gary A. Lay and
Donald McCurdy, editors. Lincoln, NE: Nebraska Energy Office. Part
one, 41pp; partefyo, science activities, 39pp; part three, social studies
activities, 39pp. Intended for grades 7-9, science and social studies.

e
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127. Potter, Gerald E., Charles Niemeyer, and M. Andy Kirsch. 1980. o
"0ijl! Fuel of the Past." From Basic Teaching Units (BTU's) on

Energy, volume 1, Gary A. Lay and Donald McCurdy, editors. Lincoln
NE: Nebraska Energy Office. 28pp. -Intended for grades 7-12, science

ial studigs.

or social s uc}xés ‘ B < e
128. Project for an Energy-Enriched Curriculum. 1978. Ener and

. Transportation. HCP/U 3841-001. Oak Ridge, TN: DOE Tec%mcai

Information Center. 76pp. Intended for grade 3.
129. Project for. an Energy-Enriched Curriculum. 1980. The Ener
Dome. DOE/CA/06083-03, Oak Ridge, TN: DQE Technical Information

Center. .

130. Project for an .Energy-Enriched Carriculum. 1980. The Energ%
Future TFoday: DOE/CA/06083-01. Oak Ridge, TN: DOE Technica
Tnformation Genter. Intended for grades 7-9 soctal studies.

| ‘ . 131. Project for an Energy-Enriched Curriculum\., 1980. Ener Sys-
s tems —-- Present;; Future. DOE/CA/06083-03. Oak Ridge, Tl%: 5%:;

[' Technical Information Center. Intended for grades 7-9 science.

132, Project for an ‘Energy-Enriched Curriculum. 1977. The Ener

We Use. HCP/U 3841-08. Oak Ridge, TN: DOE Technical In ormation

Center. 42pp. Intended for grades 1 & 2. .

133. Project for an Energy-Enriched Curriculum. 1977. How a Bill
. ) Becomes a Law to Conserve Energy. HCP/U 3841-10. Oak Ridge, TN:

BOE Technical Information Center. 59pp teacher's manual plus 54pp
student guide. Intended for grades 10-12.

134, Project for an Energy-Enriched Curriculum. .1980. How We Make
Energy Work. DOE/CA/06083-02. Oak Ridge, TN: DOE Technical
Information Center. Intended for grades 4-6, science.

.4 »

. ~-135.- Public Service Co. of Colorado et al. 1981. Energy Management
Strategies for Home Economics Teachers.. Denver, CO: Public Service
Co. of Colorado. Produced with the cooperation of the Colorado State
Boa¥d for Community ‘Colleges and Occupational Education and Energy
and Man's Environment. . '

136. Reichert, Robert. 1980, "A Project to Obtain Data on Motor
( Vehicle Fuel Economy over, Short Distances." From Basic Teaching
Units (BTU's) on Energy, volume 3.: Lincoln, NE: Nebraska Energy
- Office. 1lpp. Intended for senior, high physics and chemistry, and
auto shop. , - .
. ¢
137. Reifdorph, Tom, et al. 1978. Industrial /Arts Manual to the
. Construction of Miniaturized Alternative Energy Source Equipment.
X Port Richey, FL: Pasco County Schools Energy Management Center.
$12.00. 45pp plus blueprints. ' Intended for grades 7-12. :

138. Roeder, Allen A. and James A. Woodland. 1980. "Solar Energy
. in the Home." From Basic Teaching Units (BTU's) on Energy, volume-

T vy

Q . ' © - T SVIS N - .
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1, Gary A. Lay and Dpriald McCurdy, editors.. Lincoln, NE} Nebraska
Energy Offices 18pp. Intended for grades 10-12 science.

139.  Rubenking, Roy R. 1980. "Automotive Energy Efficiency."
From Basic Teaching Units (BTU's) on Energy, volume 2. Lincoln, NE:
Nebraska Energy Office. 13pp. Intended for senior high auto shop.

140. Rubenking, Roy. 1980, "Conservation with the 'Double: Nickel'
and Carpooling." Frogp ‘Basic Teaching Units (BTU's) on Energy,
volume 1, Gary A. L2§‘ and Donald McCurdy, editors. Lincoln, NE:
Nebraska- Energy Office. 17pp. Intended for grades 8-12, science and
social studies. .

141, Science Activities for the Visually Impaired. 1978. Environmental
Energy Module. Berkeley, CA: Lawrence Hall of Sciénce. . b. folios each
of 6pp. ..

4

-

142, Scott, Nikki and Geri Imel. 1980. "Energy and Economics. A

Unit for Junior.High Students." From Basic Teaching Units (BTU's) on
Energy, volume 2. Lincoln, NE: Nebraska Energy Office. 42pp.

143, SEEDS Foundation. 1981, SEEDS. Chicago,* IL: Science
Research Associates. For each grade, 1-6, the program provides a
student booklet (grade 1, lépp, $2.75; 2&3, 24pp, $3.60; 4-6, 32pp,
$4.25) and an unpaginated teacher's’ manual ($90), which includes two
filmstrips. 4

144. Sheridan, Jack.. 1977.. Investigating the Environment. Investi-
gating Resource Acquisition and Use. Houston, TX: Harris County
Department of Education.

-~

145. Simonis, Doris. . 1980. Iowa Developed Energy Activity Sampler

(I.D.E.A.S.). Des Moimes, IAT Dept. of Public Instruction. Sponsor-,

ed by the lowa Energy Policy Council and the Dept. of Public Instruc-
tion. 6" separate three-ring binders (but all contain-the same intro-
ductory " 172pp of background information): Language Arts, 262 pp,
$5.00; Home Economics, 388pp, $7.00; Industrial Arts, 332pp, $8.00;
Science, 490pp; 6.00; Social Sciences, 346pp, $5.00; Mathematics,

_296pp, $5.00. Intended for grades 7-12.

146. Solar Energy Project. 1979. Activities. Biology. DOE/CS-0065.
Washington, DC: U.S. Gov't Printing Office, stock number 061-000-
00230-8. $1.70. 35pp; 4 activities. ©

147, Selar Energy Project. 1979. Activities. Chemistry and Physics. -

DQE/CS-0064. Washjngton, DC: U.S. Gov't Printing Office, stock
number 061-000- 00229-4. $2.20. 74pp; 6 activities.

| 148.7 Solar Eriergy Project. 1979. Activities. Earth Science. DOE/-

CS-0063. Washington, DC: U.S., Gov't Printing Office, stock number
061-000-00232-4. $2.75. 91pp; 10 acti,ities~

e
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jéect, 1979. Activities, °General Solar Topics.

149,

DOE/C$-0061. Washington, DC: U.S. ‘Gov't Printing Office, stock
numbed 061-000~ 00231-6. $2.50. 76pp.

150 olar Energy Project. 1979, Activities. Junior High Science.

DOE/CS~-0062. Washington, DC: U.S. Gov't Printing Office, stock
number 661-000- 00228-6. $2.75. 1lépp; 14 activities. .
151, Solar Energy Project. 1979. "Reader. DOE/CS-0667. Washing-
ton, DC: U.S..Gov't Printing Office, stock number 061-000-00235-9.
$2.75. 107pp. .

152, Solar Energy .Project. 1979, Text: DOE/CS-0066. Washington,
DC: U.S. Gov't Printing Offlce, stock number 061-000-00233-2. $2.75.
102pp. . '

153. Solar Enexgy Project. 1981, May. Reader, Part I. Energy,
Society, and the Sun. Albany, NY: N_éw York State Deépartment of
Education. 66pp.

154, Solar Energy Project. 1981, May. Reader, Part II. Sun Story.
Albany, NY: New York State Department of Education. 88pp.

v

155. Solar Energy Project. 1981, May. Reader, Part III. Solar Solu-
tions. Albany, NY: New York State Department of Education. 189pp.

156.jolar Energy Project. 1981, May. Reader, Part IV. Sun School-

ing. . JAlbany, NY: New York State Department of kducation. 75pp.

. . ! .
157. Starr, Robert. 1980. "Energy Conservation in the School Build-
ing." From Basic Teaching Units (BfU's) on Energy, volume 2.

Lincoln, NE: Nebraska Energy Office.” 50pp. Intended lor grades .9-12
scjence and math.

158, Taylor, Shaun, Maureen Shaughnessy, and Roben Leenhouts.
1979(”) Get, Your Hands on Energy. Helena, MT: New Western
Energy Show $5.25. I00pp. Intended for grades 4-6.

159. Terry, Mark and Paul Witt. 1976. Energy and Order, or If You
Can't Trust the Law of Conservation of ‘Energy, Who Can You Trust?
San Francisco, CA: Friends of the Earth. 42pp. Intended for grades
7-12. AN ‘

160. Tietjen, Lana, Judy Williams, and Carolyn Cook. 1980. "Am I
the Way? Solar Energy." From Basic Teaching Units (BTU's) on
Energy, volume 1, Gary A. Lay and Donald McCurdy, editors. Linc-
oln, NE: Nebraska Energy Office.v 21pp Intended for grades 7-12,
social studies and home economics.

R . .
161, Tully, Randolph R. Jr. editor. 1975. A Curriculum Activities
Guide to Electric Power Genemation and the Environment. Blue Bell,
PA: Project KARE. ERIC order number ED 157 681. .154pp.
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162. United States Department of Energy. 1976, The Energy Chall-
enge. Oak Ridge, TN: DOE Technical Information Center. 24 spirit
masters. Intended for grades 5-8. 7

163. United States Department of Energy. ~ 1978. Energy Use in
Homes and Stores. Your Energy World, Unit Three. Washington, DC:
U.S. Department of- Energy. 4 spirit masters. Intended for grades
4-6. ) - ’

164. United States Department of Energy. 1978. Schools Can Con-
serve, Too. Your Energy World, Unit Four. Washington, DC: U.S.
Department of Energy. 4 spirit-masters. Intended for grades 4-6. )

165. United States Department of Energy. 1978. Transportation: The
Energy Eater. Your Enérgy World, Unit Two. Washington, DC: U.S5. -
Department of Energy. 4 spirit masters. Intended fqr grades 4-6.

°

166. University of Tennessee Environment Center. 1977. Ideas and
Activities for Teaching about Enetgy. Knoxville, TN: University of
Tennessee Environment Center. Activities are divided into sections by
garde level (779 or 10-12) and subject area (science, social studies,
communication/language arts, or multidisciplinary). 225pp.

167. Washington State Offices of Environmental Education and Health

« Education. 1979, Energy, Food, and You. An Interdistciplinary
Curriculum Guide for Elementary Schools. Seattle, WA: Washington
State Office of Environmental Education NW. $5.00. 367pp. Intended
for grades K-6.

168. Washington State Offices of Envifonmental Education and Health
* Education. 1979. Energy, Food, and You. An Interdisciplinary
Curriculum Guide for Secondary Schools.  Seattle, WA: Washington

State Office of Environmental Education NW. $5.00. 38lpp. Intended .
for grades 7-12.

.

169. Williams, Judith. 1980. "Energy Flow Through a Food Chain."
From Basic Teaching Units (BTU's) on Energy, volume 2. Lincoln, NE:
Nebraska Energy Oflfice.. 19pp. Intended for grades 7-12, biology’,
agriculture, or home economics.. . : !

. /
170. Wilson, Doug.. 1980. _“Physicali Laws of Electric Power Genera-
tion." From Basic Teaching Units (BTU's) on Energy, volume 1, Gary
A. Lay and Donald McCurdy, editors.| Lincoln, NE: Nebraska FEnergy
Office. 20pp. Intended for grades 11412, physics or chemistry.

. 171.  Young, Robert D. 1981(?). Thermodynamic Efficiency. Ston¥y .
| > Brook, NY: American Association of Physics Teachers.: One of the Ve )
"Issue-Oriented Modules" coordinated by the AAPT. 90pp. Intended
for college .undergraduates, but could \be used with a gifted twelfth
grade physics student. ) .
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200. American Petroleum Institute. 1978. Movies about Oil.
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201. Atomic Industrial Forum. No date. Audio;Visuals on Energy.
Primarily on nuclear topics.

302, Center for Renewable Resources. 1978. Solar Energy Education
Bibliography. Washirigton, DC: Center for Renewable Resources. ERIC
order number ED 167 ’3‘){"~ 44pp.

203. Energy and Man's Enw,ronment 1976. Energy Education' Mater-
ials Inventory. Part One: Print Materials. Portland, OR: Energy and
Man's Environment. ERIC order number ED 133 192. 102pp.

204. Energy and-Man's Environment. 1976. Energy Education Mater-
ials Inventory. Part Two: Non-Print Materials, Part One. Portland,
OR: Energy and Man's Environment. ERIC order number ED 133 193. .

75pp. \ .

4 \ K 3

205. Energy and Man's Environment. 1976. 'Energy Education Mater~
ials Inventory. Part Three: JNNon-Print Materials, Part Two: lébmm
Films. Portland, OR: Energy and Man's Environment. ERIC order
number ED 133 194.  66pp. )

(?06 Energy and Man's Environment. 1976. Energy Education Mater-
ials Inventory. Part Four: Kits, Games, and Miscellaneous Curricula.
+ Portland, OR: Energy and Man's Env1ronment ERIC order number ED
133 195. Z5pp.

-

207. Energy Institute, University of Houston. 1978. Volume 1,
Energy Education Materials Inventory. Washington, DC: .S, Gov't
Printing Office,. stock number 061-00-00183-2. $5.25. 293pp.

208. Energy Institute, Uniwersity of Houston. 1979, August. Volume
2, Energy Education Materials Inventory. DOE/IR/8685-01 Vol 2.
Washington, DC: U.S. Gov't Printing Office, stock number 061-000-
00341-0. $8.00. 443pp.

“209. Crowley, Maureen, editor. 1981. Energy. Sources of Print and
Non-Print Materials. New York: Neal-Schuman Publishers.

210. Higgins, Judith H. 1979. Energy: A Multimedia Guide for Chif-/
dren and Youngt Adults. Santa Barbara, CA: American Bg)liographic
Center--Clio Press. 195pp. ¢ ~ ) .

211. Indiana University ‘Audiovisual Center. 1979. 16mm Films on the
Energy Prolflem. Mimeographed filmography.
7

a

212. Magnoli, Michael A. and Jonathan M. Wert. '1975. A Composite
of Energy Curriculum Guides and Enrichment Materials. Moblie, AL:
Mobile County Public Schools. ERIC order number ED 134 445. 15pp.

213. Massachusetts Dissemination Project. 1980. Focus On: Class-
room Energy Materials. Boston, MA: .Massachusetts Dissemination
Project, Massachusetts Department of Education. 46pp.
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214. Mebvine, Kathyrn E. and Rebecca E. Cawley. 1975. Energy-
Environment Materials Guide. = Washington, DC: National Science

Teacher's Association.

215. National Aeronautics. and -Space Administration (NASA). 1981,
March. -~ NASA's Publications, Films, and TV Programs for Energy
Education. Washingtpn, DC: NASA.- .

216. National Audiovisual Center. No-date. A List of Audiovisual
Materials Produced by the United States Government ‘for ,Environment
and Energy Conservation. Washington, DC: Nat'l Audiovisual Center.

\217. National Council for Resource Development. Energy Resource
Guide. Washington, DC: National Council for’Reso.urce Development.

218. National Energy Foundation. 1981. An Energy Bookshelf. New
York: National Energy Foundation.

219, National Solar Heating and Cooling Information Center. 1980,
January. Solar-Energy Audiovisual Materials. Washington, DC: U.S,
Department of Housing and Urban Development.

~ .

220. ‘ Rhode :sland State Department of Education. 1978. Energ);
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